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PREFACE. 



The " Preliminary Observatipns," with which this Yolume commences, 
comprise some brief considerations on the fundamental doctrines of chem- 
istry, most of which may be included in an account of the general laws 
which govern, and the phenomena and changes which accompaiiy, the 
<$hemical combination of different bodies. This introduction concludes 
with an explanation of Chemical Symbols, and a table of Equivalents. 

The article on Gas Illumination comprises not only a detailed account 
of the process of making light-gas from coal, and of the chemical and 
physical properties of the constituents of coal-gas, but several important 
^0 collateral subjects ; among which are some considerations on the modes 

of burning gas and on the economy of gas illumination, descriptions of 
the process for making light-gas from other sources than coal, and an 
account of the applications which the secondary products of the coal-gas 
manufacture have received. The construction of different kinds of regu- 
lators and meters, and the process of " naphthalizing" gas, are also con* 
sidered. • 

In the article on the Preservation of Wood, which follows that on Gas 
Illumination, means are pointed out for effectually guarding against the 
ordinary decomposing influences of air and water on timber. A consid- 
erable portion of the article is devoted to an account of the important ex- 
periments of Mr. W. Hyett, on the effects of the impregnation of wood 
with foreign substances. 

Dyeing and Calico-printing forms the comprehensive subject of the 
concluding article of the present volume. Most of the leading processes 
now practised by the calico-printers of this country are there described, 
accompanied with explanations of the scientific principles on which they 
are based. Several of these processes, new to treatises on the sobjecty 
will be found of considerable value. 



iT PREFACE. 

« 
In many parts of the article on Calico-printing, I liave derived material 

assistance from my esteemed friend Mr. Mercer, of the Oakenshaw print- 
works, near Blackburn, to whom I feel myself bomid to return my sin- 
cere thanks. I am also desirous of expressing my obligations to Mr. 
John Graham of the Mayfield print-works, Manchester; and to Mr. 
James Hindle of the Sabden works, near Whalley. 
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Aluminate of potash, 116. 

action of muriate of ammonia on, 116. 

effects of ageing cottons printed with, 
116. 

of soda, 116. 
Aluminum, chloride of, 116. 
Ammonia in coal-gas, 37. 
Ammoniacal liquor of gas-works, 15 ; composi- 
tion and uses of, 37. 
Annatto. 101. 

now applied to tissues, 100. 

when mtroduced into Europe, 9t. 
Antimony orange, 06, 104. 
Apophylite, formula for, 13. 
Aqua-fortis, 7. 
Archil, 93, 101. 
Argand burner, 45. 
Arseniate of chromium, 104. 
Arsenious acid, use of, for presening wood, 

79, 8S. • 

Ash from wood, 71, 7S. 
Assistant mordant, 119. 
Arsenite of copper, 105. 
Avignon berries, 108. 

Bandanna handkerchiefii, 164. 

Barwood, lOS. 

Bases, 4. 

Basic alum, 113. 

Bat-wing burner, 45. 

Bergmann, researches of, in dyeing, 96. 

Berthollet, introduction of chlorine by, 96. 

researches of, in dyeing, 96. 
Berries, Persian, French or Avignon, lOS. 
Bichromate of potash, use of, for preserving 

wood, 81. 
Bitumen, use of, for preserving wood, 81. 
Black, steam, 148. 

resist, for the blue- vat, 168. 

topical, 107. 
BlMChing of cotton, 106. 

of moosaeliA de laiAM, 106. 



Block, hand printing, IM. 
Blue, PruMian, 105. 

steam, 150. 

topical, 147. 
Blue-vat, 159. 
Bone- size, 1S4. 
Boracic acid 5. 
Boucherie's mode of impregnating wood with a 

liquid, 83. 
Bran, use of, in clearing dyed goods, 196. 
Branning, 130. 
Brazil-wood, 98, 108. 
British gum, 138. 
Brown, resist for catechu, 168. 

topical, 145. 
Bude light, 46, note. 

Burnett, patent of Sir William, for preierviiff 
wood, Ac, 81. 

Calendering, 181. 

Calico-printing, derivation of the naoM of; 06. 
history of, 93. 
processes in^ 133. 
progress of, in England, 95. 
Cambium, 64. 
Camwood, 109. 
Carbonate of lime, 5. 
Carbur^tted hydrogen, 88. 
Catecho, 109. 

resist for, 163. 
Cellulose, 69. 

Charcoal, animal, decolorizing power of, 96. 
Chemical affinity, 3, 5. 

combinations, definite nature of, 6; di- 
rect and indirect, 9. 
China blue style, 134, 169. 
China blue, mixture for, 164. 

order of dipping for, 168. 
China clay, use of, as a thickener, 139. 
Chloride of calcium, use of, in purifying coal-gia, 
87. 
of copper, use of, for preserving wood, 78. 
of lime, use of, in clearing dyed goods, 180. 
of mercury, use of, in preserving wood, 

77,89. 
of zinc, use of, for preserving wood, 81. 
Chlorine, action of, on vegetable coloring mat- 
ters, 96. 
how applied in calico-printing as a dii- 

charger, 163, et seq. 
relative affinity of dififerent metals for, 4. 
Chocolate, spirit, 146. 

giypund neutral style, 163, 169, note. 
Chromates of potash, use of, for preserving 

wood, 81. 
Chrome-orange, 104, 154, 161. 

dischargers for, 167. 
Chrome-vellow, 104, 154. 161. 
discharffers for, 167. 

mode of applying a design in, to a Tar- 
key red ground, 165. 
Chromic acid, use of, for discharging indigo, ]66i. 
action of, on vegetable coloring mat- 
ters, 98. 
Chromium, arseniate of, 104. 
Cleansing liquor of print-works, 194. 
Clearing excess of coloring matter by bran, 180, 

141. 

excess of coloring matter by chloride ef 

lime, 130, 141. 
6xcess of coloring matter by ioap* 180^ 

149. 
CIegg*s dry gas-meter, 60 
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Coal, composition of, how ascertained, 19. 
impurities in, 9. 
products of the destmctive distillation of, 

S7, 34. 
secondary products of the distillation of, 38. 
value of the products of the distillation of, 
40. 
Coal>gas retort, 38. 

Coal-cas, advantage of using dry coal ia makbig, 
36. 
ammonia in, 37. 
comparison of the illuminating power of, 

witli that of oil-gas, 53. 
composition of, at different stages of the 

process, 33. 
cost of, compared with that of other 

sources of light, 50. 
density of, compared with its illuminap 

ting power, 55. 
disadvantages of too high a temperature 

in making, 35. 
how freed from ammonia, 37. 
lime purifier for, 30. 

mode of burning, as a source of heat, 47. 
modes of estimating value of, 5S. 
outline of process for mailing, 15, 35. 
present consumption of, in London, 18. 
process for the complete analysis of, 57. 
process of making, 25, 34. 
product of, from different kinds of coal, 

35. 
production of, at different gas-works, 52. 
state of the manufacture of, in London 
in 1833, and at the present time, 18. 
Coal-naphtha, composition ana uses of, 39. 
Coal-oil, 39. 
Coal-tar, 15, 39, 68. 
Coccinellin, 103. 
Cochineal, 103. 

dyeing cottons with, 144. 
Cockspur flame, 45. 
Coke, uses of, 9f9. 
Color doctor, 130. 

nature of, 100. , .. «« 

Coloiing matters, attachment of, to tissues, 99. 
dischargers for, 184. 
form compounds of different colors with 

different mordants. 111. 
general composition of vegetable, 90. 

Eneral properties of vegetable, 90. 
w imparted to wood, 88. 
list of veretable and animal, 101. 
mineral, how implied to cloth, 100. 
mostlv derived from vegetables, 96. 
organic, division of, 99. 
organic, how applied to tissues, 99. 
resists for, 99. 

vegetable, action of chromic acid on, 96. 
vegetable, action of chlorine on, 98. 
vegetable, action of sulphurous acid on, 

vegetable, colorless bases of, 98. 
vegetable, combinations of, with alumi- 
na, Ac, 90. 
vegetable, unite chemically with bases. 

Combining proportions, 5. 
Condenser for coal-gas, 39. 
Cooler for coal-gas, 39. 
Copper, arseaite of, 109. 

pmssiate of, 109. , ^, 

use of chloride of, for preserving wood, 81 . 

use of oxide of, for preserving wood, 81. 

ose of salts of, for resisting indigo, 199. 

use of the sulphate of, for preserving vrood, 

Copperas, use of, in pnrifyinc coal-gas, 87. 

Corrosive sublimate, use of, in preserving wooo, 

77, HI, 87. 
Cotton, bleaching of, 106. a 
Cow-dung, composition of, 198. 
Creosote, use of, for preservinf wood, 80. 
Cudbear, 109. 
Cylindar printing, 119. 

capabiUtk8 0f,«ft. 



Cylinder printing, invention of, 99. 
Cylinder-printing machine for pencil-blue, 147. 

Dash-wheelM88. 

Davy lamp, S3. 

Decay of wood, 63 ; causes of the, 73. 

a process of oxidation, 73. 
Decoctions for dyeing, how made, 138. 
Decompositions, double, 9. 
De laines, bleaching of, 106. 

printing of, 173. 
Dextrin, 139 ; produced from lignin, 69. 
Discharge, chlorine, 164. 
Discharge of indigo by chromic acid, 169. 

style, 163. 

style, principle of, 134. 
Discharger and mordant combined, 169. 

for coloring matters, 104. 

foi iron buff, 167. 

for manganese brown, white and col- 
ored, 166. 

for Prussian blue, 165. 
Dischargers for chrome-yellow and chroma-or- 
ange, 167. 

for mordants, 167. 
Doctor, color, and lint, 136. 
Drying machine, steam, 131. 
Dry gas meter, 60. 
Dry-lime purifier for coal-gas, 31. 
Dry-rot, 63. 
Dung, action of, in the dunging process, 194. 

composition of, from the cow, 133. 
Dung substitute, 139 ; how best applied to doth, 

135. 
Dunging process, how performed, 133. 
Dunging sometimes superseded by branning, 1S6, 

use of, in calico.printing and dyeing, 138 
Duramen, 65. 
Dye-beck, 136. 

how heated, 136. 
Dyeing, history of, 93. 

materials used by Romans in, 93. 

objects of, 93. 

operation o(^ 137, 138. 

processes of, different for different kinds 
of tissues, 105. 

processes of, general nature of, 109, 1€7. 

purity of water used in, 183. 
Dyers* spirits, 118. 

a 

Elements, 8. 

Endogens, structure of, 66. 

Epsom salts, or sulphate of magnesia, 11 

Equivalents, chemical, 6, 7. 

tables of chemical, 7, 14. 
Etching of printing rollers, 136. 
Eudiometer, Ure's, 99. 
Eupion, 80. 
Exogenous trees, growth of, 64. 

structure of stem of, 64. 

Fancy colors, 146, note. 

Fat resisu, 197. 

Felspar, 4, IS. 

Femambouc wood. 101. ^ . , ^u. 

Fibre, affinity of the animal and vagataUa, fti 

coloring matters, 99. 
Fhra-damp, 33. 
Fish-tail Dumer. 46. 
Flame, cause of the iuminoalty of, ti. 

structure of, 43. 
Flour, 138. 
French berries, 103. 
Furnace, singeing, 109. 
Fustet, 103. 
Fustic, 103. 

Galls, 104. 
Gas cooler, 39. 

flames, chimneys for, 46. 
illumination, 19; see Coal-gas. 
economy of, 40. 
history of the progrtii of, U 
liglits, ventilation oi; 46. 
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OMiBet«n,M. 

modsrator, Platow*!, M, 

rtfvlaton. 58. 
Om; nod* of DorniDf . 4S. 

naphthiUxed, 51. 
OM^worka, trraagemeBt of, i5, M, 
OasoBi«tor» SI ; telMOop* 
Ganncine. lOS, 141. 
Olatinff of cottont, 111. 
Onaito, 4. 
Groen, ttaam, ISi. 
Omn anbic, 118. 

■onegal, 118. 

tngacanth, 118. 
Omn, Britiih, 1S8. 
Gfpoum in eoal, 10. 

Hamu from oak, compodtton of, 74. 
HydraoUe main, 15, M. 
Hydriodic acid, compoaition of, 8. 
Hydrocarbons, SI. 

Hjrdrochloric acid, compotttion of, 8. 
HydroferrocTanie acid, IflS. 
Hyett, expoiimonts of Mr. W. H., vm ttao Impraf • 
nation of wood, 84, 90. 

Ipiition, 41. 

Indifo, IDS. 

Indigo-rat, 150. 

Indifo, as a topical color, 147. 

how applied to tissnet, 100. 
how diacbArf od bj chromic acid, 166. 
peculiar action of chlorine on, 96. 
use of, formerly prohibited, OS. 
resist style wiUi. 160. 
whea introdacea into Europe, 01. 
Indifotin, IDS. 
iron bnit 105, 155, 101. 

disdiarger for, 107. 
liquor, how prepared, 118. 
resists for, 157, 150. 
use of, as a mordant, 118. 
use of, for preserrinf wood, 81, 88. 
mordants, 118. 
pyrites in coal, 91. 
IroB, acetate of. see Iron Ikraor. 
aceto-persmphate of, 110. 
pemitrate of, 110. 
peroxide of, 105. 
pyroUgnite of, see Iron liquor. 

use of, for pi e sei vta y wood, 81, 88. 
sub-pemitrate of, 110. 
sub>persulphate of, 110. 
teat for the presence of, US. 
Isomerism, tl. 

Kermes grains, lOS. 

Kyan*a proceas for protecting wood, 77. 

Lac dye, lOS. 

Lakea, 07. 

Lamp, rentilating, 40, 

aafety, SS. 
Lamp-black, compoaition of, 70, note. 
Lapis style, 161. 
LaiuUte style, 161. 
Lead, chromate of, 104. 

use of sulphate of, in puling ooal-gas, S8. 
Light caiburetted hyArogen, IS. 
Light, constitation of, 101. 
Light-gas, see Coal-gas, Gas illumination. 

density of, compared with the iUnmi- 
natlng power, 06. 

process for the complete anajyais of, 57. 

modea of eatimating the value of, 51. 
Lignin, 68. 

Lignin-aulphnzic acid. 60. 
lime, affinity of, for tiaauea, 100, note. 
I«™V experiment on, aa a preaenratiTe for 

Lime puxifler for coal-gaa, 10. 

Lint doctor, ISO. 

liiquor, patent purple, 110. 



Liquor, IroB, ••• Inb liqur. 

red, aee Bed liquor. 
Litmua, lOS. 
Logwood, lOS. 

dyeing eettoM with, 140. 

when introduced into Bnropo, 01. 

uae of, prohibited by Queen Bttiabeth, 
OS. 
Lowe*» w^hthaliied gat, 61. 

Macouer. M ., roaearehea of, in dyeing , 08. 

colore, application of fat reaiat to, 1S7. 
combination of, with mtneial and 

ateam colore, 150. 
combination of, with ateam c«dony 
15S, 150. 
pujplea, 14S. 

and reda conjoined, 141, 160. 
leda, 141. 

style of printing, principle of, 140. 
style of printing, proceaaea in, 141, et aeq. 
atyle, combination of, with the dtschaxg* 
atyle, 166, 166. 
Madder, use of adding sumach to, 141, note. 
Mandarining style, 174. 
Manganese brown, 104, 156. 

white and colored dischargers for, 160. 
Manganese, use of sulphate and chloride of; tai 

purifying coal-gas. 88. 
Matters, coloring, see Coloring mattets. 
Medullary processes, 64. 65. 
Mercer, lir.|introduction of antimony oraag* 

introduction of manganese bronse by. 
98. 
Mercury, albuminate of, 77, note. 
Meters for gas, 56. 
Mica, 4. 

Mineral colorinr matters, combination of, witk 
madder and steam colors. 156. 

how commonly applied to cloth, 107. 

modes of applying, 154. 
Mordant, 108. 
Mordant and discharter combined, 100. 

assistant, 110. 
Mordants, aluminous, US. 

dischargers for, 167. 

how applied, 100, 111. 

iron, IlA. 

resists for, 157. 

tin, 118. 
Mouldered wood, composition of, 75. 
Mousselin de laines, bleaching of, 100. 

printing of, 17S. 
** Mule" printing machine, 00. 
Murdoch, Mr., introduction of coal-gat by, 17. 
Muriate of ammonia in coal, 10 

Naphtiialin, 94. 
Naphthaliaed gas, 61. 
Neutral style, 161. 
Nicaragua wood, lOS. 
Nitrate of alumina, 110. 
Nitrates of iron, 110. 
*Nitric oxide, 7. 

add. 7. 
Nitrous acid, 7. 
oxide, 7. 

Oak-wood, composition of humua from, 74. 
Oil of wood-tar, proparation of, 80. 

use of, for preserving wood, 00. 
Oils, vegetable and animal, uae of, for praaarria^ 

Oil-gas, 40. 

apparatus for making, 40. 

comparison of the illuminating pow«r t^ 
with that of coal-gas, 5S. ' *^ "' 

liquids obtained by oomproaaion of. 41 

propertiea and composition of, 41. 
Oleflant gas, SS. 
Orange, antimony, 00, 104. 
Orpiment, 104. 
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Ozlde of copper, ymmm tt ^Mk «f wood bgr, 8h 

PiddiQg style, IM. 
Pallampoora, M. 
PannaphthnJin, 94. 
Parrot coal, SI. 
Pastel, resist, for indigo> 160. 
Peach-wood, 149. 
Pencil blue, 147. 
Perchloride of tin, 117. 
Pemitr^te of iron, 119. 
Peroxide of iron, 1Q5. 

of nitrogen, 7. 

of tin, how applied to doth, 116. 

preservation of wood by, 81. * 
use of, as a iBordaBt, 116. 
Fenrotine, 135. 
Persian berries, lOf . 
Phlogiston, theory of, %. 
Photometer, Ritchie's, 54. 
Pink salt, 117. 
Pink, spirit, 146. 

Pipe-clay, use of, as a thickener, 189. 
Pitch, 89. 

Platow's ^BM moderator, 59. 
Plnmspints, 118. 
Potash, aluminate of 116. 
stannate of, 117. 
use of cliroinates of, for preserring wood, 

81. 
Presarration of wood, 61. 

by alum, 79. 

by arsenioua acid, 79, 68. 

by bitumen, 81. 

by chloride of lino, 81. 

by the chromates of potash, 8l« 

t>y common salt, 70. 

by corrosive sublimate, 77. 

by creosote, 80. 

by iron liquor, 81, 88. 
> by oil of wood-tar, 80. 

by oxide of cooper, 81. 

by peroxide oi tin, 81. 

by a resinous coating^ 78. 

Itf solution of creosote, 80. 

by sulphate and acetate of copper, 78. 

by sulphate of iron, 78, 88. 

by sulphate of zinc, 78. 

by tannin, 70, 80. 

by vegetable and animal oUs, 70. 

by wood-tar, 80. 
Preservative materials for wood, 76. 
^serving wood, Kyan's process for, 77. 
press printing, 137. 
Mating by roller, 135. 

invention of, 95. 

roller, how made, 186. 
Protochloride of tin, 117 ; use of, as a resist for 

iron liquor, 158. 
Protosulphate of iron, use of, in purifying coal- 
gas, 37. 
Protoxide of tin, use of, as a moidaat, 117. , 
Proximate constituents, II. 
Prussian blue, 105, 151, 154. 

as a topical color, 147. 

how discharged ky an alkali, 166. 

how applied to wood, 88. 

how applied as a steam-color, 150. 

mode of applying a design in, to a Tur- 
key red ground, 165. 
Pmsslate of copper, 105. 
Purple liquor, |»tent, 110. 
Purple, madder, 148. 
spirit, 146. 
steam, 140. 

Tyrian, durability of. Of. 
PyxoUgnite of iron, see Iron liquor. 

Quarts, 4. 
Qnercition, 108. 

dyeing cottons with, 144. 

Rainbow stvie, mode of printing for the, 185. 
Bays of light, colored, 100. 
lad liquor, altered by heat, 115. 



Red Hqttor, constitution of; 114. 

effects of ageing on cottons printed with, 

preparation of, 113. 
resist for, 158. 
Red resist for the blue-vat, 168. 
Sanders wood, 104. 
spirits of djrers, 118. 
Red, steam, 149. 
Resin, covering of, for wood, 78. 

products of the distillation of, 41 
Resin-gas, 48. 

apparatus for making, 48. 
Resist black for the blue- vat, 168. 
pastes for indigo, 160. 
purple and chocolate, for the blne-7St» 

168. 
red, for the blue-vat, 161. 
for catechu brown, 163. 
style, principle of the, 134. 
processes in the, 157. 
Resists for coloring matters, 159. 
for indigo, 150. 
for mordants, 157. 
Resists, adaptation of, to tbe madder style of 
work, 157, 158. 
fat, 157. 
Retort, Clegg's rotary, 34. 

coal-gas, 88 
Regenerator, Malam*8 gas, 68. 
Regulators, 58. 
Rinsing machine, 139. 
Ritchie'ib photometer, 54. 
Roller printing, 135. 

capabilities of, 95. 
t invention of, 95. 

Rotary retort, 34. 
Royal blue, 178. 

Safety lamp, 88. 
Safflower, 108. 

how applied to tissues, 100. 
Sago starch, 188. 
Salop, 138. 
Salt, common, in coal, 80. 

use of, for preserving wood, 70. 
composition of, 0, 11. 
general meaning of the tern, 4. 
Salts of tin, 118. 
Sandal-wood, 104. 
Sapan-wood, 108. 
«aw-wort, 104. 
Scoeele's green, 105, 156. 
Seasoning of wood, Langton's mode o^ 
Sightening of mordants, 140. 
SiDc, how prepared for printing, 1Q7. 

printing of, 173. 
Singeing, 105. , ■ ^ 

Soap, use of, in clearing dyed goods, 180. 
Soda, aluminate of, 116. 

citrate of, use of, as a resist, 167. 
Solution, 10. 

Soot, composition of, ttcm wood, 70, note. 
Spirit chocolate, 146. 

colors, 146, note. 

pink, 146. 

purple, 146. 

yellow, 146. 
Spirits, dyers*, 118. 
Spurious coal, 81. 
Squeezing-rollers, 180. 

Stannate of potash, 117: application of, to cot- 
ton for steam colors, 148. 
Starch contained in wood, 68. 

sugar, 60. 
Starch, wheat. 138. 
Starching machine, 181. 
Station meter, 61. 
Steam black, 148. 

blue, 150. ^ ,^ 

for woollen goods, 178. 

colors, 148, 153. ,^ 

for woollen goods, 173. 
combination of, with madder colors, 
158, 157. 
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ttMm eolort, eomUnatioB of, with madder and 
mineral colors, 156. 
adaptation of, to resist style and madder 

style, 157. 
preparation of cotton for receirinf , 148. 
Steam drying machine, ISl. 
green, lOS. 

printing, principle of, 194. 
purple. 149. 
red, 149. 
Steam scarlet for woollen goods, 17S. 

yellow, 149. 
Steaming process, I5S. 
Stereotype printing-plate, 139^ 
Stick-lac, 103. 
Substitute liquor, 185. 
Substitute dung, 184. 
Substitutions, double and single, 9, 10. 
Sulphate of copper, use of, for preserving wood, 
78. 
use of, for resisting indigo, 159. 
Sulphate of iron, use of, for preserving wood, 

of lead, use of, as a thickener, 139. 

use oU in purifying coal-gas, 88. 

of magnesia, 11, 18. 

of zinc, use of, for preserving wood, iB. 
Sulphuretted hydrogen, composition of, 6. 
Sulphuric acid, use of, in purifying coal-gas, 48. 

relative affinity of different bases for, 4. 
Sulphurous acid, action of, on vegetable coloring 

matters, 98. 
Sumach, 104. 
Surface printing, 188. 
Swallow-tail burner, 4ft. 
Symbols, 18 ; table of, for elements, 18. 

Tannin, use of, for preserving wood, 79, 80. 
Telescope gasometer, 38. ,, - u i i 

Temperature, change of, a result of chemical 

action, 8. 
Terra Japonica, lOS. 
Thickeners used in calico-printing, 136. 
Tin mordants, 110. _. ^ ,,- 

Tin, peroxide of, use of, as a mordant, llj. 
protoxide of, use of, as a mordant, 117. 
use of perchloride of, for preserving wood, 81. 
use of protochloride of, as a resist for iron 
liquor, 158. , ,^ ^ 

Tissues, affinity of lime for, 100, note. 
Topical and steam colors, 144. 
black, 107. 
blue, 147. 

brown, 145. . , , , ,«. 

# style of printing, principle of, 134. 
Tragacanth, g^m, 188. 
Turf-gas, 43. 

Turkey red, history of, 93. . , . _ , 
mode of applying a design in Prussian 

blue to a ground of, 105. 
mode of producing a chrome-yellow de- 
sign on a ground of, 105. 
white discharge for, 164. 
Turmeric, 104. 

Turnsole, 104. , ,, ^ „ 
l^xian purple, dorabihty of, 98. 



Ultimate eonstttnents, 11. 
Union-jet flame, 46. 
** Union'' printing machine, 96. 
Ure's eudiometer, 55. 

Valonia, 104. 
VegeUble albumen, 68. 

how removed from wood, 76. 

how to ascertain proportion of, in wood, 
76. 
Yegeto-sulphnric add, 60. 

Wash-off colors, 145. 
Water, composition of, 6. 
W^ter extractor, 130. 

used in dyeing, 131. 
Weld, 104. 

Wheat starch, 138. . , , . ^ ^^^ 
Wlnsor, Mr., introduction of coal-gas mto the 

metropolis by, 17. 
Woad, 104. , , , -. 

Wood, amount of water in, 00. 

ssh, 78. ' , , , \.. .*w 

Boucherie's mode of impregnating, with 

a liquid, 83. 

composition of moulaereo, iD. 

decay of, 63, 73, 75. 

density of, 67, 89. 

effects of the impregnation of, with for- 
eign sabstances, 85. 

how freed from albumen, 76. 

how to apply colors to, 88. 

how to ascertain proportion of vegetable 

albumen in. 76. ,. . , , ^ _*i. * 
how to increase or diounish strength of» 

how'to preserve flexibiUty and elasticity 

h<m to reduce the inflammabUity and 

combustibility of» W. 
Ryan's process for preserving, 77. 
necessary condition for the decay of, 75. 
preservaUon of, 63, see Preservation of 

preservative materials for, 76, 78. 
producU of distUlation of, 70. 
properties and composition of, 04. 
starch contained in, 68. 

smoke from, 70. *, « w oa 

tar of. products of distiUation of, 80. 
tar, use of, for preserving wood, 80. 
Woody fibre, composition of, 75. 
tissue, function of, 04. 
origin of, 65, note, 
structure of, 04. 
WooUen goods, printing of, 178. 
steam colors for, 178. 

Yellow fustic, 108. 

lake, 97. 
Yellow, steam, 149. 

spirit, 146. 

Zinc, use of chloride of, for preserving wood* 61. 
Zinc! use of sulphate of. for preserving wood, 
78 ; for resisting indigo, 160. 
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PRELIMINARY OBSERVATIONS. 

Really valuable improyements of old and inventions of new processes in 
the chemical arts and manufactures are not often the result of chance, in the 
present advanced state of chemistry, but of a logical application of recognised 
chemical principles of greater or less generality. Such has been the case since 
the existence ol chemistry as a distinct science possessed of general laws. 

The surprising attainments of the ancients in certain chemical arts would 
lead us to mfer that processes may be invented, and even successfully applied, 
without the smallest conception of the principles on which they depend. The 
ancient Egyptians and Phoenicians were not only acquainted with the means 
of extracting iron, copper, gold, silver, lead, and tin, from the ores containing 
these metals, but with complicated processes for the preparation of seversij 
metallic compounds. They extracted soda from the soil in which that alkali 
naturally exists, and understood the means of purifying it ; they procured pot' 
ash from the ashes of plants, and made soap by combining the alkalies 
with oils and fats. They were acquainted with the mode of converting an 
alkaline carbonate into a caustic alkali by the action of quick-lime, and even 
took advantage of this property of lime to give to soda (carbohate of soda) a 
degree of causticity which deceived the purchasers of this article as to its real 
value. The arts of making earthenware, glass (both colorless and colored), 
porcelain, and various pigments, and certain processes in dying, were brought 
to a state of perfection not exceeded, nay, in some instances, scarcely equalled, 
by artists of the present day. 

These and other processes were not only invented without the aid of science^ 
that term being accepted in its ordinary sense of inductive systematic truth, 
but they were also practised for ages before even an attempt was made to dis- 
cover the causes of the varied phenomena presented in the different operations. 
The successive improvements fortunately achieved in some of the processes 
were contrived, like each original process itself, by chance, and consequently, 
in general, at the expense of great labor ; the experimentalist being guided 
in his researches for improvements by no fixed principles or general laws. 
Where improvements are to be the result of accidental observations, they must 
of necessity be rarely made. The Chinese, it is true, practise certain chemical 
arts with surprising success ; but these arts are no further advanced now than 
they have been for ages past ; not because they have attained perfection, but 
from the want of recognition of the principles on which the processes depend. 
In departing from, or even in merely modifying, the original process, there is 
a danger of losing it altogether. This is the reason, we apprehend, of the loss 
of some of the most refined processes of the ancients durmg the middle ages. 

But since chemistry has existed as a science founded on certain laws, amd 
since the properties of individual substances have been so minutely studied 
that the action of two or more bodies on each other in certain circumstances 
can be partly predicated before ascertained by experiment, new processes are 
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devised and others improved by a scientific deduction from recognised princi- 
ples, and from the known properties of the substances employed in the art or 
manufacture. 

Refined as were some of the processes of the ancients, there are those prac- 
tised in the present day which it is difficult to conceive could have been in- 
vented bv any number of hazard experiments on substances presented by na- 
ture. They were devised and improved by a logical induction from known 
principles or admitted theories. The greater number of our calico-printing 
processes are illustrations of our assertion. For instance, we can not imac^e 
that any number of chance experiments would have led to the procuring from 
chrome-iron ore (a black heavy mineral), by the action, first of an alkali, and 
afterward oi an acid, of a substance by which, when applied in a proper man- 
ner, the calico-printer is enabled to produce a white pattern on a piece of cloth 
died with indigo-blue. This was, of course, discovered experimentally, but 
by experiments founded on scientific principles. A^ain, the common process 
for preparing carbonate of soda from common salt, mvented toward the close 
of last century by Leblanc and others, which is scarcely second in importance 
to any chemical manufacturing process, could hardly have been devised other- 
wise than by a series of experiments Conducted on certain chemical principles. 
This process consists, first, m the conversion of common salt to sulphate of 
soda by the action of sulphuric acid ; in the next place, in the conversion of 
sulphate of soda to sulphuret of sodium by the action of carbonaceous matters 
at a high temperature ; and, lastly, in the conversion of sulphuret of sodium to 
carbonate of soda by the action of chalk. The last two operations are now 
conducted simultaneously. Such a process as this we can nardly conceive to 
have been discovered by hazard experiments. 

The theoretical principles on which a process is invented may be false, and 
yet the process itself turn out successful. Thus it was with the original pro- 
cess for obtaining sulphuric acid by the combustion of sulphur with nitre, 
which was contrived by Lefevre and Lemery soon after the development, by 
Stahl and Beccher, of the theory of phlogiston. According to that theory aU 
combustible bodies are compounds oi phlogiston, or the principle of inflamma- 
bility (which is parted with in the act of combustion), and some elementary- 
basis, which is, in fact, the material product of the combustion. The latter is 
now known to be the compound body, being composed of the combustible 
matter and oxygen ; the act of combustion is merely the combination of oxy- 
gen with the combustible. But consistently with tne then prevailing theory 
of phlogiston, sulphur is a compound body, being composed of phlogiston 
united with (what is now termed^ sulphuric acid : to procure the' latter, there- 
fore, it became necessary to witndraw phlogiston from the sulphur. Now 
nitre was considered to be a substance possessed of a dephlogisticaimg property 
in an eminent degree ; and, when a mixture of sulphur and nitre was set on 
fire over water, sulphuric acid was found to be produced. Here the expected 
result was obtained, but the principle which led to the experiment was errone- 
ous ; for the nitre, instead of withdrawing anything from the sulphur, actually 
imparts oxygen to it : sulphuric acid being produced by the combination of the 
sulphur with a portion oi the oxygen con tamed in the nitre. Such is a simple 
expression of the first changes in the process ; afterward they become some- 
what more complicated. Tne reason why the process was successful, while 
the theory on wnich it was founded is false, is obvious. The terms ia dephlo- 
^sttcating body (on the theory of phlogiston), and an oxidating body (accord- 
mg to our present views, are synonymous : as are also a dephlogisticated and 
an oxidated substance. 

It can not be denied, however, that valuable processes and improvements 
have been devised of late years independently of chemical hypotheses and 
principles. The amalgamation process of Hernando Velasquez for obtaining 
silver from the ore (practised in Mexico) must ever be considered a wonderful 
instance of the discovery, by chance, of a process dependant in its details on 
complicated chemical agencies. The inventor was entirely unacquainted with 
theoretical chemistry, and ww led to his process by experiment after exp^- 
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iment without connexion, and guided it would seem, by no general principles. 
But so refined is the process that its theory has only been developed of late 
years, with the united efforts of Gay-Lussac, Humboldt, Earsten, Boussingault, 
ftnd Sonneschmidt. Instances like this, are, however, very rare. 

Although majny processes in the chemical arts are dependant for their suc- 
cessful practice chiefly on a knowledge of principles, yet, in general, the 
ambition of those engaged in working the process is to attain dexterity in the 
mechanical operations, without the smallest endeavor to comprehend the most 
obvious principles of their process. Although chemistry is making rapid 
advances, many of the arts dependant on the science are stationary, the artisan 
or manufacturer being, generally, too ignorant of chemistry to know where to 
look for improvements. By this neglect of the practical man, scientific chem- 
istry is also much retarded. In a die-house and a calico-print-work, for in- 
stance, how many interesting^ phenomena pass unobserved, or at least with- 
out being investigated, which, if carefully examined by a scientific chemist, 
might prove the sources of brilliant discoveries, conducive no less to the 
advancement of theoretical chemistry than of the chemical art itself ! 

To consider minutely the general principles of chemical philosophy would 
be inconsistent with the plan of the present work. But for facility oi reference, 
and for the convenience of those who have not especially studied the prin- 
ciples of theoretical chemistry, it has been considered proper to commence 
with a few observations on the nature of chemical affinity, and on the laws 
which govern, and the phenomena which accompany, the chemical combma- 
tion of different substances. All other important theoretical considerations 
affecting the various practical subjects treated of in this work will be adverted < 
to under the respective articles. 

CHEMICAL AFFINITY. 

The vast variety of substances by which we are surrounded, animate and 
inanimate, solid, liquid, and gaseous, are composed of, comparatively, a very 
small number of elements or simple substances ; of bodies, that is, which con- 
tain one kind of matter only. According to the present state of our knowledge, 
the number of elements does not exceed fifty-six ; and, as the only evidence 
we can obtain of the elementary character of a substance is of a negative kind, 
namely, that we are unable now to decompose it, or resolve it into other kinds 
of matter, it is not unlikely that some of the substances now considered as 
elements may hereafter turn out to be compound. But until such is proved to 
be the case, ii is proper to consider them as simple substances. 

Every substance in nature, then, is either an element, or else it results from 
the combination of two or more elements with each other. This union of the 
elements does not take place indiscriminately : some of them when brought 
into contact exhibit a remarkable proneness to unite, while others may be 
mixed most intimately without the occurrence of combination. Peculiar 
attachments and indifferences certainly subsist between different substances. 
The former may be conveniently distinguished as chemical affinity, or chem- 
ical attraction. The exertion oi this force is not confined to simple substances 
merely; compound bodies, as sulphuric acid and water, for instance, are 
equally subject to its influence. 

When the constituents of a compound body are thus held together by chem- 
ical affinity, the resulting substance is called a chemical compound, to distin- 
guish it from a mechanical compound. The latter is a mere mixture of differ- 
ent substances, which are held together by no chemical affinity, but, if the 
body is a solid or a liquid, merely by the force of cohesion or of adhesion. 
Chemical compounds are definite combinations of two or more elements, united 
in a particular manner, and always, when forming the same compound, in 
fixed proportions ; the substance formed always wants the chemical characters 
of its constituents, and in the act of combination there is commonly a very 
obvious change, even in the most general, of physical properties. Mechanical 
compounds, which constitute by mc the greater number of natural substance^ 
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are on the contraiy indefinite mixtures of elementary bodies or chemical com- 
pQunds of the elements, retaining both the form and the properties of their 
constituents. The atmosphere around us, for example, is a mechanical mix- 
ture of two elementary ^ses, oxygen and nitrogen. These same elements 
when chemically united m a certam proportion give rise to* one of the most 
corrosive of all acids, namely, nitric acid, or aqua-fortis as it is popularly 
designated. 

Again, the rock granite is a mechanical mixture of three chemical com- 
pounds : 1*^, quartz f which is a chemical combination of two elements, silicon 
and oxygen ; ^^fels^ary which is composed of four elements, silicon, oxygen, 
pNotassium, and aJummum ; and 3^, micay composed of six elements, namely, 
silicon, oxygen, iron, aluminum, magnesium, and potassium. The three 
minerals, quartz, felspar, and mica, each a chemical combination, thus con- 
stitute the rock grauite by their mechanical admixture. 

The nature of chemical affinity and the characters of chemical compoimds 
may be conreniently considered uuder the four following heads : — 1°, Chem- 
ical affinity is exerted with d^erent degrees of force between different sub- 
stances. 2P, The union takes place in certain fixed and definite nroportiuns. 
3°, The resulting compound always differs essentially in chemical, and often 
in phyrsical properties from its constituents; and 4^^, The union may take 
place indirectly by substitution, or directly. 

1. Chemical affinity is exerted with different degrees of force between different 
substances, — On examining various metallic oxides it is found that the 
oxygen and metal are united together with very different degrees of intensity 
in the different oxides. Thus, oxide of silver is easily decomposed when 
heated to redness, oxygen gas being given off and metallic silver remaining 
behind. Oxide of copper, on the contrary, is not reduced to the metallic state 
at the highest temperature to which we can expose it. It is therefore reason- 
ably inferred that oxygen has a more powerful afiinity for copper than for 
silver. Again, oxide of copper is reduced to the state of metallic copper with 
the greatest facility ii' heated to redness in a glass tube throus^h which a 
stream of hydrogen gas is made to pass. But potash, the oxide of potassium, 
does not undergo the smallest decomposition under such circumstances. 
Hence oxygen has a more powerful affinity for potassium than for copper. 

The truth of the proposition is clearly exhibited in the decomposition of a 
compound substance by another body. On introducing metallic copper into a 
solution of chloride of mercury (corrosive sublimate), the latter is decomposed, 
metallic mercury is precipit&ted, and a proportional quantity of copper is dis- 
solved, uniting with chlorine to form chloride of copper. But chloride d* cop- 
per may be decomposed in a similar manner by metallic tin, and chloride of tin 
by metallic zinc. The relative affinity of these metals for chlorine may there- 
fore be arranged in the following order. 

Chlorine, 

1. Zinc, 3. Copper, 

2. Tin, 4. Mercury: 

a solution of chloride of zinc is not decomposed by any of the metals men- 
tioned, while a solution of chloride of mercury is decomposed by each. 

A series of tables was contrived by Geoffroy and Bergmann, founded on such 
experiments as these, intended to exhibit the order of affinity of different bases^ 
for an acidy and of different acids for a base. The name of an acid or a base is 
put at the head of a list, and after it the names of all the bases or acids in the 
order of their affinity. For example, the affinity of alkalies and earths for 
sulphuric acid is expressed as follows : — 

Sulphuric jScid. 

1. Barytes, 5. Lime, 

2. Strontian, 6. Magnesia, 

3. Potash, 7. Ammonia. 

4. Soda, 

* Bv a base is meant an alkali, or a metallic oxide which has a tendency to unite with an acid 
and thus form a salt. Thus potash is the base of nitre, or nitrate of potash ; oxide of lead is the 
bast of sugar of lead, or acetate of lead. 
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Barytes, the first in the list, is capable of taking sulphuric acid from the sul- 
phate of either of the bases which follow, while sulphate of barytes is not de- 
composed by any other base. Potash has a stronger affinity for sulphuric acid 
than the bases which follow, but not so strong as that of barytes. The exper- 
iments are supposed to be made on aqueous solutions of the several sCilphates. 

Such tables, however, show the order of decomposition, and the relative 
force of affinity, in one set of conditions only ; for wnen the same two substan- 
ces are brought together under different circumstances, very different reactions 
may ensue. Of this, Bergmann himself was aware, and hence gave two lists 
or columns in some of his tables of affinity ; one showing the order of decom- 
position when the substances are mixed together^isSolved in wate^, as above, 
and the other when mixed in a dry state and strongly heated. Boracic acid 
possesses very feeble acid characters when dissolved in water ; it is hardly able 
to destroy the alkaline properties of potash or soda ; but at a red heat, from its 
great fixedness, it comports itself as a most powerful acid. If dry nitrate of 
ammonia and carbonate of lime are mixed and exposed to heat, a decomposi- 
tion takes place with production of bitrate of lime and carbonate of ammonia ; 
from which circumstance it would be inferred that nitric acid has a stronger 
affinity for lime than for ammonia, or carbonic acid a stronger affinity for am« 
monia than for lime. But if the conditions in which the nitric acid, carbonic 
acid, lime, and ammonia, are brought together, are altered, very different re- 
sults take place. On mixing aqueous solutions of nitrate of lime and carbonate 
of ammonia, carbonate of lime is precipitated, and nitrate of ammonia remains 
in solution. Again, carbonate of potash dissolved in water is instantly decom- 
posed on the addition of acetic acid, carbonic acid gas being evolved and acetate 
of potash formed. Acetic acid manifests in this case a stronger affinity for pot- 
ash than carbonic acid does. But if a stream of carbonic acid gas is passed 
through a solution of acetate of potash dissolved in alcohol, the carbonic acid 
seems to be. the most powerful, for carbonate of potash is formed, and acetic 
acid liberated. The result in the latter case seems to depend on the insolubility 
of carbonate of potash in alcohol. If the composition of two salts is such as 
to permit the formation of an insoluble product by their mutual decomposition 
(as in the case of carbonate of ammonia and nitrate of lime), snch a change is 
sure to take place when solutions of the salts are mixed. Tne order of decom- 
position seems to be decided, in such a case, not by the superior affinity of this 
or that acid or base, but by the tendency to the formation of an insoluble sub- 
stance. • 

These and many other examples, which might be adduced if necessary, 
show that though chemical affinity is exerted between different bodies with 
different degrees of force, yet accessory circumstances do sometimes materially 
affect the relative affinities of different substances. 

2. The chemical union of substances takes place in certain fixed and definite 
proportions, — The circumstance, that the proportions in which two or more 
Domes can unite chemically are limited on both sides, has been already alluded 
to as a distinction between a chemical and a mechanical compound (page 3). 
Common salt, for instance, by whatever process it mav be formed, is invariably 
composed of 60 parts of sodium, and 40 parts of chlorine ; and, so far as is 
known, these elements are incapable of uniting in any other proportion. Pure , 
carbonate of lime, whether formed ages ago by the hand of nature, or quite re- 
cently by the chemist, whether in the form of white marble, chalk, or a stalac- 
tite, whether in the six-sided prism of arragonite, or in the rhomboidal crystal 
of calc spar, is always composed of 43*7 parts of carbonic acid and 56*3 parts 
of lime. That the composition of chemical combinations is always fixed and 
invariable, is constantly Dome out by analyses ; and from this definite nature of 
chemical combination is derived in a great measure the character of chemistry 
as an exact science. 

The same element combines with very different quantities of different sub- 
stances. This is shown in the following table of the composition of water, 
sulphuretted hydrogen, hydrochloric acid, and hydriodic acid, each of which 
stthstances contains hydrogen as a commoti constituent. 
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Water, Svipkmrettid Hydrogm 

Hydrogen 11*1 Hydrogen 6*9 

Oxygen 88*9 Sulphur. 94*1 

100-0 100*0 

Hydroehhrie Acid. HydHodie Jcid. 

Hydrogen 2-7 Hydrogen 0-79 

Chlorine 97-3 Iodine 99-21 



1000 10000 

By such a mode of expressing the composition of these bodies no simple re- 
lation is perceptible between the respective quantities of hydrogen in the differ- 
ent compounds. But if a constant number, say 1, is given to hydrogen, then it 
will be seen that 8 parts of oxygen, 16 parts of sulphur, 35*5 parts of chlorine, 
and 126 parts of iodme, combine respectively with 1 part of hydrogen. Now 
the numbers mentioned are in some degree characteristic of the substances to 
which they are attached ; for, on examining the composition of the compounds 
which these elements form with lead, copper, and potassium, it is found that 
the above numbers of parts of oxygen, chlorine, &c., actually combine with the 
same quantity of the metal, although the amounts of the dififerent metals in 
the respective compounds are not the same. Thus : — 

8 parts of oxygen ^ r 1 part of hydrogen, 

35*6 parts of chlorine f , . ... 1 104 parts of lead, 

16 parts of sulphur / comome wiin ^ g^ ^^^^^ ^^ copper, 

126 parts of iodine ) (39 parts of potassiom. 

B3r extending this inquiry* to other substances, a series of numbers may be 
obtained, which exhibits eitl^er the exact relative quantities in which bodies 
unite to form chemical combinations, or else multiples of such quantities. 
These numbers are called copihining proportions or equivalents. The latter 
term is employed to signify that the combining proportion of one body has the 
same value, or is, in one sense, equivalent to that of another body, and may be 
substituted for it in combination. The same quantitv of potassium which 
unites with 35*5 parts of chlorine, also combines with 126 parts of iodine; 
therefore the numbers 35*5 for chlorine, and 126 for iodine, are as it were equiv- 
alent to each other, as they have an equal power in combining with, and alter- 
ing the nature of, 39 parts of potassium. 

Hitherto we have considered the equivalent numbers with reference to hy- 
drogen as imity, but this is quite arbitary, and any other series of numbers may 
be used, provided the proper relation between them is preserved. Thus it is the 
practice of some chemists to form the series with reference to oxygen as 100, 
and others make oxygen 1. The series of numbers in which hydrogen is con- 
sidered as 1 is called the hydrogen scale of equivalents ; the others are called 
the oxygen scales. The hydros-en scale will be employed in the present work. 
The following table contains a list of all the elements which have been discov- 
ered up to the present time, with their combining numbers on both the hydro- 
gen and oxygen scales : — 
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TABLE OF CHEMICAL EQUIVALENTS. 



Names of ElemeiitB. 



Alumiaum. 
Antimony . 
Arsenic ... 
Barium ... 
Bismuth... 
Boron .... 
Bromine . . 
Cadmium. . 
Calcium .. 
Carbon.... 
Cerium . . . 
Chlorine . . 
Chromium 

Cobalt 

Columbium 
Copper. . . . . 
Didymium . 
Fluorine . . 
Glucinum . 

Gold 

Hydrogen . 
Iodine . . . . , 
Iridium . . • , 

Iron 

Lantanum. 

Lead 

Lithium .. 
Magnesium 



Equivalents. 



Oxygen 


Hydrogen 


a 100. 


s« 1. 


171-2 


13.7 


1612-9 


129-0 


940-1 


75-3 


856-9 


68-7 


886-9 


71-1 


136-2 


10-9 


978-3 


78-4 


696-8 


65-8 


256-0 


20.5 


76-0 


6-0 


674-7 


46-05 


442-6 


35.5 


351-8 


28-2 


369-0 


29-6 


2307-4 


184-9 


395-7 


31-7 


? 


? 


233-8 


18-7 


331-3 


26-5 


2486-0 


199-2 


12-5 


1-0 


1579-5 


126-6 


1233-5 


98-8 


339-2 


27-2 


? 


? 


1294-5 


103-7 


80-3 


6.4 


158-3 


12-7 



Names of Elements. 



Manganese . 
Mercury . . . 
Molybdenum 

Nickel 

Nitrogen . . . 
Osmium . . . 
Oxygen .... 
Palladium . . 
Phosphorus . 
Platinum. . . 
Potassium.. . 
Rhodium... 
Selenium . . . 

Silicon 

Silver 

Sodium .... 
Strontium . . 
Sulphur. . . . 
Tellurium . . 
Thorium . . . 

Tin 

Titanium .. 
Tungsten. . . 
Vanadium.. 
Uranium .. . 
Yttrium.... 

Zinc 

^rconium . 



Equivalenu. 



Oxygen 
ssioo. 



345-9 

1265-8 

598-5 

369-7 

175-0 

1244-5 

100-0 

665-9 

392-3 

1233-5 

489.9 

651-4 

494-6 

277-3 

1351-6 

290-9 

547-3 

20M7 

801-76 

744-9 

735-29 

303-66 

1183-0 

856-9 

2711-4 

402-5 

403-2 

420-2 



Hvdrogen 
= 1. 



27-7 
101-4 
48-0 
29-6 
14-0 
99-7 
80 
53-4 
31-4 
98-8 
39-2 
52-2 
39-6 
22-2 
108-3 
23-3 
43-8 
161 
64-2 
59-8 
58-9 
24-3 
94-8 
68-7 
217-3 
32-2 
32-31 
33-7 



The principal law which goyems chemical comhinations is, that bodies 
unite chemically with each other only in the proportion of their equivalents^ 
or in multiples of their equivalents, and in no intermediate proportions. This 
law is well illustrated by the five compounds which are formed by the union 
of oxygen and nitrogen. The first of these, protoxide of nitrogen, or nitrous 
oxide, contains 14 parts of nitrogen and 8 of oxygen ; that is, one equivalent 
of each constituent. The second combination oi these elements, deutoxtde of 
nitrogen, or nitric oxide, contains 14 parts of nitrogen and 16 of oxygen; that 
is, two equiyalents of oxygen and one of nitrogen. The third, nitrous acid, 
contains 14 parts of nitrogen and 24 of oxygen, or three equiyalents of oxygen 
and one of nitrogen. The fourth combination, peroxide of nitrogen, contains 
14 parts of nitrogen or one equiyalent, and 32 parts of oxygen or four equiya- 
lents. The fifth and last, nitric acid, of which aqua-fortis of coimnerce is a 
solution in water, is composed oi 14 parts of nitrogen or one equiyalent, and 
40 parts of oxygen or five equiyalents. In the fiye compounds, therefore, one 
eq. of nitrogen is combined respectiyely with one, two, three, four, and fiye 
equiyalents of oxygen. 

The law illustrated in the last paragraph applies equally to combinations 
among bodies themselyes compound. 

The equiyalent of a compound body is always the sum of the equiyalents of 
its constituents. Thus the equiyalent of water on the hydrogen scale is 9 ; 
water being composed of one eq. of hydrogen = 1, and one eq. of oxygen == 8. 
The equiyalent of potash is 47 ; that alkali containing one eq. of potassium 
>s 39, and eq. of oxygen = 8. Now 47 parts of potash combine with exactly 



8 PRELIMINARY OBSERVATIONS. 

9 parts of water to form the hydrate of potash or compound of potash and 
water. As sulphuric acid is composed of one equivalent of sulphur =16, 
and three equivalents of oxygen = 24, the equivaloit of sulphuric acid is 40. 
To form neutral sulphate of potash, consisting of one eq. of potash and one eq. 
of sulphuric acid, 47 parts of potash combine with exactly 40 parts of sulphuric 
acid, and the equivalent of the resultmg sulphate of potash is 87. An equiva- 
lent of sulphuric acid unites in like manner with 9, 18, and 27 parts of water 
to form hydrates containing respectively one, two, and three equivalents 
of water. Here is, therefore, an example of combination in multiple propor- 
tions between bodies themselves compound. However great may oe the 
number of the equivalents of the elements of a compound body, the universal- 
ity of the law that the equivalent of the compound is the sum of the equiva- 
lents of its constituents is by no means affected. 

3. The resulting compound always differs in chemical^ and often in physical 
properties, from its constituents. — ^A change in the properties of the combining 
substances is the leading circumstance that distinguishes chemical combination 
from mechanical admixture. In the former, the change is never wanting; 
in the latter, the properties of the mixture are the mean of those of its con- 
stituents. We should not suppose from its appearance that common salt is a 
compound body : much less tnat this harmless substance is composed, on the 
one part, of a body which when uncombined is a highly irritating and noxious 
gas (chlorine), which causes instant death if inhaled ; and, on the other part, 
of a metal (sodium) as bright as silver, which has the extraordinary property 
of taking fire when moistened with water. 

Sometimes a change in density and form attends the chemical combination 
of two substances. Thus two gases may give rise to a solid, as happens when 
ammoniacal gas and muriatic acid gas are mixed together. A solid sometimes 
assumes the gaseous state by combining with a gas ; thus sulphur and char- 
coal form gases by combining with hydrogen gas. Gases sometimes unite,* 
however, without any alteration in bulk. When combination takes place 
among solids and liquids with the formation of a solid or liquid, condensation 
is a more frequent result than expansion ; and, if other evidence of chemical 
combination is wanting, that of the occurrence of a condensation may be con- 
sidered conclusive. Thus the contraction which results when water and alco- 
hol are mixed in certain proportions, is considered, of itself, a sufl&cient proof of 
the chemical union of the water with the alcohol. 

A change of color very frequently attends chemical combination ; sulphur 
forms a red and black compound with mercury, black compounds with lead 
and copper, a white compound with zinc, and two yellow compounds with 
arsenic. Iodine, whose vapor is violet colored, forms a white compound with 
copper, a yellow compound with lead, and a scarlet compound with mercury. 
An example of a change in properties is afforded, in short, by almost every 
case of chemical combination. 

Change of temperature is a frequent result of chemical action. It is said 
that the direct chemical combination of two or more substances never occurs 
without the development of a certain amount of heat, on which circumstance 
depend all our ordinary artificial modes of obtaining heat. The production of 
heat in the act of combination may be sometimes referred partly to the conden- 
sation whiok usually takes place, the compound formed having a smaller spe- 
cific heat than its constituents ; but in a great manv cases this explanation is. 
inadmissible. The true cause of the evolution of neat in chemical combina- 
tion still remains to be accounted for. The intensity of the heat developed 
through the combination of two bodies differs greatly, according to the circum- 
stances in which the combination takes place ; but it is a remarkable fact that 
the quantity or absolute amount of heat (to apply to an imponderable agent 
terms whicn belong to material substances) is the same for like quantities of 
the combining substances, whether the union takes place rapidly or slowly. 
Oxygen and hydrogen gases may be made to unite and form water quickly, as 
by contact with flame or spongy platinum ; and slowly, by placing the niixed 
jases in contact with some earthy mould. In the first case, the intensity di 
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the heat^roduced is sufficient to fuse with facility many substances which are 
quite infusible at the highest temperature of a smith's forge : in the second 
case, the temperature rises very little above that of the surrounding atmo- 
sphere. But there is reason to believe that the actual quantity of heat developed 
is the same in both cases for like quantities of the gases ; the diflference is only 
in intensity or state of concentration ; the slowness of the action in the second 
case allowing the distribution of the heat to surrounding bodies to a far greater 
extent than could possibly be the case in the rapid combustion of the gases. 
The superior vivacity of the combustion of tallow, a match of wood, &c., in 
oxygen gas, compared with air, depends entirely on the same circumstance. 
Apiece of charcoal burns with far more heat and light in oxygen gas than in 
air ; but it unites with oxygen, or is consumed, proportionally faster. 

4. Chemical union may take place indirectly by substitution, or directly, — 
The following examples will serve to illustrate this proposition. When the 
two component parts of common salt, chlorine and sodium, are placed in con- 
tact, a direct combination instantly ensues. But the union of the chlorine and 
sodium can be effected in a very different manner, with the formation of the 
same compound. The combination takes place indirectly, for instance, when 
hydrochloric or muriatic acid (a compound of hydrogen and chlorine), is 
brought into contact with soda (a compound of sodmm and oxygen). Again, 
if a mixture of iron filings and flowers of sulphur is projected into a crucible 
heated to dull redness, a direct combination of iron and sulphur ensues, the 
sulphuret of iron being formed. But the same compound is formed when a 
solution of sulphuret of potassium (a compound of sulphur and potassium) is 
mixed with a solution of chloride of iron (a compound of iron ana chlorine). 

Indirect combinations of this nature are characterized by two important cir- 
cumstances. While union is taking place on the one hand, there is neces- 
sarily decomposition on the other; for the substances which are to unite 
are brought into contact in a state of previous combination with other sub- 
stances. In the formation of common salt or chloride of sodium by hydro- 
chloric acid and soda, there must be a decomposition both of the hydrochloric 
acid and the soda, in order that the chlorine and sodium may unite. And 
when sulphuret of iron is formed by mixing sulphuret of potassium with 
chloride of iron, the sulphur and iron can not unite without a decomposition of 
the sulphuret of potassium and of the chloride of iron. As there are two dis- 
unions, so there are likewise, generally, two combinations. When hydrochloric 
acid is made to act on soda, union is effected, not only between the chlorine 
and sodium, but the hydrogen of the hydrochloric acid unites at the same 
moment with the oxygen of the soda, to produce water. Chloride of sodium 
and water, therefore, are the products of the action of hydrochloric acid on soda. 
The manner in which the decompositions and combinations occur is more 
clearly exhibited in the subjoined diagram. The first column contains the 
names of the original substances ; the second, the names of their constituents ; 
and the third, the naines of the compounds which are formed, the lines indi- 
cating how the constituents of the original substances become arranged. 

I. II. III. 

Hydrochloric J Hydrogen - — -^^ Water 

acid ( Chlorine 




Soda S ^lygen 

t ^""J" -^ Chloride of sodium. 

• 

In like manner, as two decompositions occur when sulphuret of potassium 
and chloride of iron are made to act on each other, so are there likewise two 
combinations ; for at the same time that the sulphur of the sulphuret of po- 
tassium unites with the iron of the chloride of iron, the chlorine of the latter 
unites with the potassium of the sulphuret of potassium to form chloride of 
potassium. The annexed diagram will illustrate these changes. 

2 
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Salphnret of potos- i Potassium -^^^ Chloride of potaasiuai. 

slum { Sulphur 



Chloride of iron $ Chlorine 

{ Iron 




Snlphuiet of iron. 



Such reactions as these are described as double decompositions or double 
substitutions. But another kind of indirect union frequently occurs, in which 
there is a sins^le decomposition and a single substitution, only one of the two 
substances which are to be united being then in a state of previous combina- 
tion with another substance. The action of iodine on sulphuretted hydrogen, 
explained in the annexed diagram, is of this nature. 

Sulphuretted Hydro- J feulphur ■ Sulphur (free) 

gen I Hydrogen 

Iodine ' Hydriodic acid. 

In this example there is a single union and a single decomposition : or, in 
fiict, merely a substitution of iodme for sulphur in the sulphuretted hydrogen. 
A great number of compounds ma^ be readily formed by reactions of this kmd, 
all attempts to obtain which by direct combinations have been fruitless. 



Solution. — ^The attractive force by which one body is dissolved in another 
in the liquid state has been considered by some to be identical with chemical 
affinity. — One of the characters of a chemical union is certainly in some degree 
fulfilled in solution, namely, change in properties ; but several circumstances 
manifest a difference between the two forces. In most cases of solution there 
is not only no increase of temperature, but a production of cold from the 
abstraction of a certain amount of heat from surrounding bodies, which is 
rendered latent by the dissolved substance, as always happens when a body 
passes from the solid to the liquid condition. In solution, the union takes 

Elace in no fixed proportions : a certain quantity of water can dissolve or com- 
ine with any quantity of common salt less than 37 per cent, of the weight 
of the water ; and the solution has the same appearance, whether it contains 
a large or a small proportion of salt. Water, it is true, has a constant max- 
imum solvent power for every soluble salt at a particular temperature ; but 
the quantity of water and the quantity of salt in solution bear, m general, no 
simple relation to the chemical equivalents of these substances. Again, 
chemical combination takes place with so much the more energv as the prop* 
erties of the combining substances are more opposed ; but solution on the 
contrary, with a readiness corresponding to their similarity in properties. 
Thus, to dissolve combustible bodies containing a large proportion of carbcm 
and hydrogen, such as resin, fixed oils, essences, and caoutchouc, combustible 
liquids must be used, as alcohol, ether, naphtha, and oil of turpentine. To 
dissolve a metal, another metal must be used, as mercury : * oxidated bodies, 
as most salts, require oxidated solvents, as water and acids : very few saline 
matters soluble in water are also soluble in ether and in oils. An essential 
difference exists, therefore, between the act of solution and that of chemical 
combination ; the former being exerted by preference between similar, and the 
latter between dissimilar particles. 

With a single exception, the solubility of a salt varies with the temperature 
of the solvent, the largest amount being taken up at the higher temperature. 
The exception to this laV referred to is in the case of common salt, of which 
the same proportion is dissolved by water at all temperatures below 230° Fahr^ 
enheit. In another case, that of sulphate of soda, the solubility of the salt 
increases rapidly up to the temperature 92^ Fahrenheit, at which it is at the 

* When a metal is said to be dissolved in an acid, as copper in nitric acid, for exurople, it is, in 
reality, not the metal itself which dissolves, but a substance formed by the chemical action of the 
acid on the metaJ as nitrate of copper. 
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maximum : the solution at that temperature contains 52 parts of dry sulphate 
to 100 parts of water, but at a higher temperature water is incapable of dish 
solving so large a proportion of that salt. In all other cases, so far as is known, 
the amount of a salt dissolved increases with the temperature, unless a de- 
composition and formation of a less soluble substance take place under the 
influence of the heat. 

Advantage is taken of the increased solubility of salts at a high temperature 
to effect their crystallization. When a solution of a salt saturated (containing 
its maximum quantity of the salt) at a high temperature is allowed to cooU 
it retains in solution only that quantity proper to its reduced temperature : 
the exceiSs is deposited, it may be in the state of crystals. Thus a saturated 
solution of Epsom salts at the temperature of 212° contains 74 parts of that 
salt to every 100 parts of water : but, on being cooled down to 50° Fahrenheit, 
44 parts are deposited in crystals, 100 parts of water at 50° being incapable 
of holding in solution more than 30 parts of Epsom salts. 

Some cases of solution, however, are undoubtedly accompanied with the 
chemical union of the solvent with the body dissolved ; as, for example, when 
dry potash or dry chloride of calcium is dissolved in water. In these, as in 
other cases of direct chemical combination, there is development of heat, while 
cold is produced in a case of solution merely. When such a combination 
takes place, it is, strictly speaking, the compound formed which dissolves ; 
as, the hydrate of potash, or the hydrate of chloride of calcium. 



Proximate and ulttmate Constituents, and Symbols. — The composition of a 
compound body may be expressed in the simple elements which form what 
are called its ultimate constituents, and also very frequently by those compound 
bodies which by their immediate union compose the substance in question* 
The latter are called proximate constituents. Of dry sulphate of magnesia, 
for instance, the ultimate constituents are sulphur, oxygen, magnesium : the 
proximate constituents are sulphuric acid and magnesia : thus, 



Sulphate of magnesia 



Sulphuric acid | Ox^g^n 



The compositi(Hi of crystallized alum is more complex: thus, 



Proximate ConstUuenU, 
e 



Sulphate of alumina 



Alum < 



- Ultimate 
Constituents, 
Sulphuric ( Sulphur 
acid I Oxygen 



Sulphate of potash 



Alumina 

Sulphuric 
acid 

Potash* 



Water. 



i Aluminum 
I Oxygen 

< Sulphur 
( Oxgen 

i Potassium 
Oxygen 

\ Hydrogen 
I Oxygen. 



Now the composition of crystallized alum may be expressed in so many 
parts of sulphur, oxygen, alummum, potassium, and hydrogen ; or in so manv 
parts of sulphuric acid, potash, alumma, and water ; or in so many parts oi 
sulphate of alumina, sulphate of potash, and water. 

The expression of the composition of a substance which is a chemical, and 
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not a mere mechanical compound, should include, if poftsible, the atomic con^ 
position of the substance, that is, the relative proportions df the equivalents of 
Its constituents, as well as the ultimate or per-centage composition. Much 
more information may be conveyed in such a statement than in that of the 
per-centage composition alone, represented either according to the proximate 
or ultimate constituents. The reasons of this will be obvious from the con- 
siderations offered at page 5, et seg.f on the definite proportions in which 
chemical union takes place. As an example, the composition of crystallized 
sulphate of magnesia may be represented thus : 



Equivalent 
or atom. 

Magnesia 1 .... 

Sulphuric acid 1 ... 

Water 7 ... 



Atomic 
toeighi, 

. 21 .. 
. 40 .. 
. 63 .. 



Per-dntage 
conqMtitiaiu 

.... 161 
.... 321 
.... 60-8 



Sulphate of magae&ia. ... 1 124 



100-0 



The readiest method of representing the composition of a compound body is 
by the association of symbols of its elementary or proximate constituents. 
Each elementary substance is represented by a particular symbol, which is the 
initial letter of its Latin name ; but when the names of two or more elements 
begin with the same letter, the distinction is made by an additional letter in a 
smaller character. Thus, phosphorus being represented by the letter P, plati- 
num is indicated by Ft, and Palladium by Pd ; C being the symbol for carbon, 
calcium is represented by Ca. chlorine by CI, and cobalt by Co ; the small let- 
ter is significant only when in conjunction with the large letter. The follow- 
ing table includes the symbols of all the elementary substances known. : 



1 



Elements. 



Aluminum 

Antimony (Stibium). . . . 

Arsenic 

Barium 

Bismuth 

Boron 

Bromine 

Cadmium 

Calcium 

Carbon 

Cerium 

Chlorine 

Chromium 

Cobalt 

Columbium (Tantalum) 

Copper (Cuprum) , 

Didymium < 

Fluorine 

Glucinum , 

Gold (Aurum) , 

Hydrogen 

Iodine 

Iridium 

Iron (Ferrum) 

Lantanum 

Lead (Plumbum) 

Lithium 

Magnesium 



Syrob. 



Al 

Sb 

As 

Ba 

Bi 

Bo 

B 

Cd 

Ca 

C 

Ce 

CI 

Cr 

Co 

Ta 

Cu 

Di 

Fl 

61 

Au 

H 

I 

Ir 

Fe 

La 

Pb 

Li 

Mg 



Elements. 



Manganese 

Mercury (Hydrargyrum). 

Molybdenum 

Nickel 

Nitrogen , 

Osmium 

Oxygen 

Palladium 

Phosphorus 

Platinum 

Potassium (Kalium) 

Rhodium • . 

Selenium 

Silicon 

Silver ( Argentum) 

Sodium (Natrium) 

Strontium 

Sulphur 

Tellurium 

Thorium 

Tin (Stannum) ^ . . . 

Titanium 

Tungsten or Wolfram. . . . 

Vanadium 

Uranium 

Yttrium 

Zinc 

Zirconium 



Symb. 



Ma 

Hg 

Mo 

Nk 

N 

Os 

O 

Pd 

P 

Pt 

E 

R 

Se 

^ 

Ag 

Na 

Sr 

S 

Te 

Th 

Sn 

Ti 

W 

V 

u 

Y 

Zn 

Zr 
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The foregoing symbols represent, at the same time, the chemical equivafenta 
of the elements. Thus the letters H and O express not hydrogen and oxygen 
indefinitely, but a single equivalent of these elements: that is, on the hydrogen 
scale, 1 part of hydrogen and 8 parts of oxygen ; and on the oxygen scale^ 12.5 
parts of nydrogen and 100 parts of oxygen. The symbol of itself expresses 
only one equivalent, and, when several equivalents are to be indicated, this 
symbol may be repeated ; thus, 000 would signify three equivalents of oxy- 
gen ; or else a figure showing the number of equivalents may be placed imme- 
diately before the symbol, thus, 30 ; or, what is preferable, a smaller figure 
may be placed after the symbol, either above or below it, thus, 03 or O3. 

Now tiie association of symbols either with or without the + sign, signifies 
combination : thus, the formula K+0 or KO represents a compound of one 
equivalent of potassium and one equivalent of oxygen, which is the alkali potash. 
H+Cl or HOI represents hydrochloric acid, composed of one equivalent of hy- 
drogen and one equivalent of chlorine. SO3 signifies acid, a compound of on« 
equivalent of sulphur with three equivalents of oxygen. 

Something more may be expressed in symbolic notation than the names of 
the elexnents of a compound body and the numbers of their equivalents ; the 
constitution of the compound, or the mode in which the elements are arranged, 
may also be represented. The formula, Fe S04 expresses truly the composition 
of proto-sulphate of iron (copperas), but not the arrangement of the elements ; 
on the contrary, the formula FeO;^-S03 or FeO, SOs si^ifies that the salt in 
question is composed of oxide of iron and sulphuric acid, the -f- sign, or the 
comma, indicating a distribution of the elements of sulphate of iron into its 
proximate constituents, oxide of iron and sulphuric acid. 

The small figure on the right hand of a symbol does not apply to any other 
symbol than that to which it is immediately attached ; but a large figure 
placed before the symbol, like a co-efficient in algebra, afiects the whole com- 
pound expressed, or at least all the symbols before the first comma, or plus 
sign. Thus 3N05 and 2SO3 signify three equivalents of nitric acid and two 
equivalents of sulphuric acid. The formulae 2H0, SO3 and 2H0-I- SO3 express 
not twice HO, SO3 but a compound of two equivalents of water with one 
equivalent of sulphuric acid : the SO3 not being effected by the figure 2 at the 
beginning, because of the interposition of the comma or plus sign. To make 
the whole syiiA)ol subject to the influence of the figure at the beginning, it 
should be enclosed within a parenthesis, thus 2(H0, SO3 ) represents two equiv- 
alents of hydratcd sulphuric acid, and 2(MgO, S03 +7H0) two equivalents of 
ciystallized sulphate of magnesia. The following formulas of some minerals 
afford examples of the application of these rules : 

Felspar, KO, SiOa 4- AI2O3, 3SO3. 

Analrime, SNaO, 2S1O3 -f 3AI2O3, 2Si03 + 6H0. 

Apophyllite, 8(Ca0, 8103) + KO, 2Si08 + 16H0. 

To avoid mdistinctness or confusion from the great length of the formulae of 
some bodies, several abbreviations have been introduced. ' When two equiva- 
lents of an element are to be expressed, a line is sometimes drawn through 
the symbol or placed under it ; thus, H and H signify two equivalents of hy- 
drogen. An equivalent of oxygen in a compound is expressed by a dot placed 
over the symbol of the other element, the number of dots being the same as 

the number of equivalents of oxygen ; S expresses sulphuric acid, and K pot- 
ash ; therefore K S stands for sulphate of potash. Alum is represented by 
K S, Al 3S+24H. Sulphur in a compound is sometimes represented in a simi- 
lar manner by a comma placed over the symbol of the other element, selenium 
by the sign — , and tellurium by the 8ign+; but such abbreviations will not 
be made use of in the present work. 
The vegetable and animal acids are conveniently represented by their initial* 

letter with a dash placed over it ; thus, A stands for acetic acid C for citrio 
acidy Tar for tartaric acid, and F for formic acid. 
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In addition to the table of the equiralents of the elements at page 16, the 
fallowing, which contains the* equivalents of several acids and bases, will be 
found convenient for reference. 

TABLE OF EQUIVALENTS. 



I. ACIDS. 



Acetic (dry), A=« 

(C4H3O3) 610 

Arsenic, As O5 115*4 

Arsenious, As O3 99*4 

Benzoic, Bz = 

(C14H5O3) 113-0 

Boracic, B O3 34*9 

Bromic,Br05 118-6 

Carbonic, C O2 22-0 

Chloric, CI O5 75-5 

Chromic, Cr O3 52-2 

Citric, C= (C4H2O4 ) 68-0 

Formic, F= (C2HO3) 370 

Gallic,~G = (C7 HO3) 67-0 

Hydriodic,HI 127-6 

Hydrobromic, HBr 79-4 

Hydrochloric, H CI 36-5 

Hydrocyanic, H Cy 27-4 

Hydrofluoric, H Fl 19-7 

Hydrosufphuric, H S 17-0 



Hypermanganic, Mn^ O7 1 12*0 

Hyposulpharic, S* O5 72*3 

Hypnsulphuroas, 02 C2 48*3 

Iodic,Ij35 166-6 

Lactic, J^= (C6H5O5) 81*0 

Malic, M « (C8H4O8) 1160 

Manganic, Mn O 3 61*7 

Nitric, NOs 54*0 

Do hydrated, H O, N O5 63*0 

Oxalic, Cj O3 36*0 

Phosphoric, P O5 71*5 

SUicic, SiOs 46-3 

Sulphuric, S O3 40-1 

Do hydrated, H O, S Os 49*1 

2(HO,S03) 98*2 

Sulphurous, S O2 32-1 

Tannic, Tn = 

(CI8H5O9) 286*0 

Tartaric, Tai^ 

(C8H4O16) 132*0 



IL BASES. 



Alumina, Al 2 O3 61*6 

Ammonia, N H3 17.0 

Antimony, oxide of 163*0 

Baryles, Ba 76*7 

Chromium, oxide ofyCr203 .... 102*4 

Cobalt, oxide of, Co O 37*6 

Copper, protoxide of, Cu . ... 39*7 

Copper, suboxide of, Cu2 O . . . . 71*4 

Iron, peroxide of, Fe2 O3 78*4 

Iron, protoxide of, Fe O 36*2 

Lead, protoxide of, Pb O 1 1 1*7 

Lime, CaO 28*6 

Magnesia, M9O 20*7 



Manfifanese, protoxide of, 

jjin v/ ........... j^ ....... Of I 

Mercury, oxide of, Hg O 109*4 

Mercury, suboxide of, Hg2 O . . . 210*9 

Nickel, oxide of, Ni 37*6 

Platinum, oxide of, Pt O 106*8 

Potash, K 47*3 

Silver, oxide of, Ag O 116*3 

Soda, NaO 31*3 

Strontian, Sr O 61*9 

Tin, peroxide of, Sn O2 74*9 

Tin, protoxide of, Sn O 66*9 

Zinc, oxide of, Zn O 40*3 
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GAS ILLUMINATION. 

I I. Histoxy of the Progress of Gas Illamination.— 11. Composition of Coal.— III. Hydrocarbons.— ^ 
IV. Process of making Coal Gas.— V. Secondary products of the Coal Gas Manufacture.- -VI. Qi) 
Gas.— VII. ReitinGas. — VIII. Mode of Burning Gas. — IX. Economy of Gas Illumination.— X. Modes 
of estimating the Illuminating Power and Purity of Light-Gas. — XI. Regulators and Meters 
Naphtbalized Gas. 

Of the numerous services which chemistry has rendered domestic economy, 
there is certainly none which possesses more general importance and interest, and 
none that has been more fully or more successfully developed, than that of light- 
ing by means of gas obtained by the destructive distillation of carbonaceous sub- 
stances. 

The process of making gas from such bodies is simple, and an outline of it 
may be given in a few words. 

The material commonly employed as the source of gas is coal, that being the 
most accessible ; but anv substance of a resinous, fatty, or bituminous nature 
may also be made use of. Such bodies contain a large proportion of carbon and. 
hydrogen, with, relatively, a small amount of oxygen ; the two former elements 
are the essential constituents of gas for illumination. To make gas from coal, 
that substance is heated to redness in a large cast-iron tube, or retort, placed 
horizontally in a furnace ; the volatile matters which are given off from the coal 
are conducted by a tube from the retort into a receiver called the hydraulic 
main, in which the liquid products of the distillation are, to a great extent, 
separated from the gaseous products. The former consist of a black oily liquid 
known as coal tar, and a watery fluid known as the ammoniacal liquor. The 
gaseous product of the distillation, which is a very heterogeneous mixture, and 
unfit in its present state to be burned within doors, is purified by transmitting it, 
in the first place, through cold iron tubes, in which it deposites a further quantity 
of condensable matter; and, in the next place, through milk 6f lime, or through 
layers of damp hydrate of lime, to absorb sulphutetted hydrogen and carbonic 
acid. It is sometimes, lastly, freely washed with water, by which a quantity 
of ammonia is withdrawn. The gas is then conducted to the gasometer, 
whence it is distributed by pipes as may be required. 

To procure gas from tar, resin, oils, and fats, these substances are introduced, 
by small quantities at a time, into a retort, which contains pieces of brick or 
coke heated to redness ; a combustible gas is given off in abundance, and the 
only purification it requires is cooling, to deposite its more easily condensable 
constituents. 

§ 1. HISTORY OF THE PROGRESS OF GAS ILLUMINATION. 

* 

Althoue^h the application of the gases produced by the destructive distillation 
of pit-coal as a means of procuring artificial light is of modern invention, yet 
the gernie of it may be traced back nearly two hundred years. In the year 16o9, 
Thomas Shirley is said to have attributed the exhalations from the burning well 
of Wigan, in Lancashire, to the subjacent coal-beds; and, soon after, Mr. Clay- 
ton, rector of Crodon, at Wakefield, in Yorkshire, actually prepared gas by the 
distillation of coal. In a letter addressed to the Royal Society, May 12, 1688, 
('* giving an account of several observations made in Virginia, and in the voy 
age thither, more particularly concerning the air,*) speaking of the thunder m 
Virginia and its effects, Mr, Clayton observes, " I have been told by very seri- 
ous planters, that thirty or forty years ago, when the coimtry was not so open 
M it is now, the thunder was more fierce ; and that sometimes, aAer violent 
thunder and rains, the roads would seem to hav^ perfect coats of brimstone: 
and it is frequent, after much thunder and lightning^ for the air to have a perfect 
sulphureous smell. Durst I offer my weak reasons when I write to so great 
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masters thereof,*' (meaning the council of the Society), ''I should here consider 
the nature of thunder, and compare it with some sulphureous spirits which I 
have drawn from coals that I could no way condense, yet were inflammable ; 
nay, would bum after they passed through water, and tnat seemingly fiercer, if 
they were not overpowered therewith. I have kept of this spirit a considerable 
time in bladders; and though it appeared as if it were only blown with air, yet, 
if I let it forth and fired it with a match or candle, it would continue burning un- 
til all were spent/' Phil. Trans. 1693, No. 201, page 788.* 

About the year 1770, a spontaneous evolution of gas took place at a colliery 
near Whitehaven, belonging to Sir James Lowther. It caught fire on the ap- 
proach of a lighted candle, and afforded a flame of more than two yards m 
height. To prevent annoyance to the workmen, it was conducted from the pit 
by a tube which terminated four yards above the surface. The gas issued with 
such force from the extremity of this tube that large bladders might be filled 
with it in a few seconds ; these were fitted up with little pipes, through which 
the gas might be pressed out and burned when required. A notice of this evo- 
lution of gas, or '* blower," as it is now termed, was communicated to the Roy- 
al Society in 1773. 

About the same time, the production of a permanent ffas by the destructive 
distillation of coal, was noticed by Dr. Hales and by Dr. Watson. The former, 
by distilling 158 grains of Newcastle coal, obtained 51 grains of incondensable 
air (Vegetable Statics), Dr. Watson observes in his Chemical Essays, " I took 
96 ounces of Newcastle coal, and, putting them into an earthen retort, distilled 
them with a fire gradually augmented till nothing more could be obtained from 
them. During the distillation there was freqtient occasion to give vent to an 
elastic vapor which would otherwise have burst the vessels emploved in 
the operation." When the weights of the liquid products of the distillation 
and the remaining coke were added together, a loss remained of twenty-eight 
ounces, which Dr. Watson concluded to be the same kind of elastic vapor ashad^ 
been previously obtained by Dr. Hales. The inflammability of the gas is also 
alluded to elsewhere. 

It is uncertain to whom the credit of first suggesting the general employment 

* " The Philosophical Transactions for 1730 contains a letter on the " sjnrit of eotls,,^* from the 
same author, addressed to the Hon Robert Boyle, communicated by Dr. Robert Clayton, Bishop of 
Cork and Orrery. In this he enters more minutely into tlie products of the distillation of coal. As 
Boyle died in 1601, it was probably written about the same time as the preceding letter. 

** Having seen a ditch within two miles of Wigan, in Lancashire, wherein the water would seem- 
ingly burn like brandy, the flame of which was so fierce that several strangers have boiled eggs 
over it ; the people thereabouts affirmed, indeed, that about thirty years ago it would have boiled a 
piece of beef ; and that, whereas much rain formerly made it burn fiercer, now, after rain, it will 
scarcely burn at all. It was after a long-continued season of rain that I came to see the place and 
make some experiments, and found, accordingly, that a lighted paper, though it were waved all ovei' 
the ditch, the water would not take fire. I then hired a person to make a dam in the ditch and fling 
out the water, in order to try whether the steam which arose out of the ditch would then take fire, 
but found it would not. I still, however, pursued my experiment, and made him dig deeper ; and, 
when he had dug about the depth of half a yard, we found a shelly coal, and, the candle being then 
put down into the hole, the air catched fire and continued burning. 

" I got some coal and distilled it in a retort in an open fire. At first there came over only phlegm,** 
(ammoniacal liquor,) " afterward a black oil,'' (tar,) "and then, likewise, a spirit arose which I 
could no ways condense ; but it forced my lute or broke my glasses. Once when it had forced my 
lute, coming close thereto in order to try to repair it, I observed that the spirit which issued oat 
caught fire at the flame of the candle, and continued burning with violence as it issued out in a 
stream, which I blew out and lighted agrain alternately for several times. 1 then had a mind to try 
if I could save any of this spirit ; in order to which I took a turbinated receiver, and putting a can> 
die to the pipe of the receiver, whilst the spirit arose, I observed that it ratched flame and contin- 
ued burning at the end of the pipe, though you could not discern what fed the flame. I then blew 
it out, and lighted it again several times ; after which I flxed a bladder, squeezed and void of air, 
to the pipe of the receiver. The oil and phlegm descended into the receiver, but the spirit still as- 
cending blew up the bladder. I then filled a good many bladders, and might have filled an incon- 
ceivable number more ; for the spirit continued to rise for several hours, and filled the bladders al- 
most as fast as a man could have blown them with his mouth, and yet the quantity of coals distilled 
was inconsiderable. 1 kept this spirit in the bladders a considerable time, and endeavored several ways 
to condense it, but in vain ; and, when I had a mind to divert strangers or friends, I have frequently 
taken one of these bladders and pricked a hole therein with a pin, and compressing gently the bladder 
near the flame of a candle till it once took fire, it would then continue flaming till all the spirit was 
compressed out of the bladder ; which was the more surprising, because no one could discern any 
difference in appearance between these bladders and those which are filled with common air.** 
Such observations as these in an age more alive to economic improvements than that in which 
they were written might have been the means of the general introduction of gas illumiaatioiL 
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of gas of any kind as a means of procuring artificial light is to l?e ascribed. It 
is stated in several French works that the idea of emplojring gas obtained by the 
destructive distillation of wood for the purposes of illumination originated with 
Philip Lebon, an engineer, in 1785 or 1786, but Lebon made no communicatioQ 
on the subject to the Institute until the year 1799. In the following year he ob- 
tained a patent, and in 1801 published a memoir containing an account of his 
process under the title, " Thermolampes ou poeles qui chauffent, iclairent avec 
economt€y et offrentyOvec plusieurs produits precieux, une force motrice applica- 
hie a toute espece de machines^ Lebon states that all unctuous substances af- 
ford, by being distilled, a gas fit for illumination : but he does not appear to have 
made any experiments on the distillation of coal ; the material which he gen- 
erally employed was wood. As the gas from that source possesses very feeble 
illuminating power, Lebon's speculation, as might have been anticipated, proved 
a complete failure ; he abandoned the enterprise, and established a pyroligneous 
acid manufactory near Versailles, in which he made the combustible gas disen- 
gaged from the wood subservient to the heating of his retorts. 

But, while Lebon was making these unsuccessful attempts to introduce gas 
illumination into France, two individuals were engaged with the same subject 
in England, with a better promise of success ; their source of gas being, not 
wood, but coal. 

The first application of coal-gas in illumination appears to have been made 
in 1792, by Mr. William Murdoch, engineer to Messrs. Bolton and Watt, and 
then residing at Redruth, in Cornwall ; but the application did not extend be- 
yond his own dwelling-house and offices. Mr. Murdoch removed to Ayrshire a 
few years afterward, where he erected another gas apparatus in 1797. The 
first application of gas on the large scale was made iti the following year, when 
Mr. Murdoch fitted up a gas-work at the manufactory of Messrs. Bolton and 
Watt, at Soho. 

Novel as was this mode of illumination, it did not attract the notice of the 

Sublic until the year 1802, when the front of the Soho manufactory was lighted 
y Mr. Murdoch with a public display of gas-lights, on occasion of the national 
illumination in the spring of that year at the peace of Amiens. The superior- 
ity of the new light over the dim oil-lights in use at that da^ excited no small 
de^eeof popular attention. An immense crowd came to view the spectacle, 
and an account of it was circulated throughout the country in the public papers. 
Gas-works were soon afterward erected in Birmingham, Manchester, Halifax, 
and other towns. In 1804 and 1805 the extensive cotton-mill of Messrs. Philips 
and Lee, at Manchester, was lighted with gas under the superintendence of 
Mr. Murdoch. In this establishment were nine hundred burners, producing a 
light equal to that of two thousand five hundred candles ; the quantity of gas 
made amounted on the average to twelve hundred and fifty cubic feet per hour. 
Mr. Murdoch sent a detailed account of his operations to the Royal Society in 
1808, for which he received a gold medal. (An account of the application of 
gas from coal to economical purposes ^ Phil. Trans., 1808, p. 124.) 

But although gas illumination was extensively adopted m manufactories, it 
made very little progress in London, probably on account, in some measure, of 
the insufficiency of the means then known of efiecting its purification. In man- 
ufactories, where the ventillation is generally good, the inconvenience arising 
from the disa^eeable odor of impure gas, was comparatively of little conse- 
quence ; but m shops, private houses, churches, &c., the impurity of the gas 
would be a serious impediment to its general adoption. 

The indefatigable exertions, however, of Mr. Winsor in London, at the 
■ame time that Mr. Murdoch was carrying on his operations in the country, 
were very efficient in introducing gas illummation into the metropolis. In 1803 
and 1804 the Lyceum theatre, and soon afterward one side of Pall Mall, were 
lighted by Mr. Winsor with coal-gas, the manufacture of which soon suggested 
itself to the public as a lucrative speculation. In 1804 Mr. Winsor obtained 
a patent for some apparatus employed in the process, and established the Na- 
tional Light and Heat Company for carrying ou the manufacture on an extensive 
scale. In 1809 this company applied to parliament for a charter, but thef 

3 
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were opposed by Mr. Murdoch oo the score of priority, and the charter wasre- 
fused. On a subsequent appIicatioD, however, the claims of Mr. Winsor were 
recognised, and the charter was granted. In the course of ten or fifteen years 
the oil-lamps of every street and alley of the metropolis were displaced by 

e3, churches and other public buildings and shops were illuminated by the same 
ht, and gas has now become general in almost every town in the empire. 

For many improvements in the construction of the apparatus, and in the 
practical details of the process, gas illumination is indebted to Mr. Samuel 
Clegg, whose attentioD was called to this subject so early as the year 1804» 
and who erected a gas- work of pretty large extent in the following year. 
Among the improvements introduced by Mr. Clegg may be mentioned the hy- 
draulic main, oy which the retorts are isolated while being emptied and 
charged ; the wet lime purifier, and the meter. 

During a parliamentary iuvestigation, in 1823, it was ascertained that the 
Chartered Gas Company (the original National Light and Heat Company) alone 
consumed annually at their three stations (Peter street, Westminster ; Brick 
Lane, St. Luke's ; and Curtain Road, Shoreditch). 20,678 chaldrons of coal% 
and produced on the average 680,000 cubic feet of gas every ni^ht. This quan- 
tity supplied more than thirty thousand bumerF, affording a bght equal to as 
many pounds of tallow candles. At the Peter street station the number of re- 
torts then erected amounted to 300, and of easometers fifteen; the extent of the 
main pipes belonging to this establishment lor distributing the gas was fifty-seven 
miles. The number of retorts at the Brick Lane works in 1822 was 371 ; of 
which one hundred and thirty-three were worked on the average of summer 
and winter; the number of gasometers was twelve, and the length of the dis- 
tribution pipes forty miles. At the curtain Road works the number of retorts 
was 240, but the greatest number worked in 1821 was eighty ; the number 
of gasometers was six, and the length of the main twenty-five miles. 

At the same time three other large gas companies were in existence, namely, 
the City of London Gas-light Company, Dorset street ; the South London Gras- 
light and Coke Company, with two stations, one at Bankside, and the other at 
Wellington street ; and the Imperial Gas-light and Coke Company, whose es- 
tablishment at Hackney was then in the course of erection. The extent of the 
entire operations of these companies was a little more than equal to that of the 
Chartered Company. 

Since the time at which the above estimates were made, several other compa- 
nies have been established in London, and the amount of gas made in the vari- 
ous works has been increased at least seven-fold. The Chartered Company^s 
works, which are supposed to supply about a fifth part of all the sas burned in 
London and the suburbs, consume no less than fifty thousand chaldrons of coals 
annually ; and, taking the average product of purified gas from a chaldron of 
coals at twelve thousand cubic feet, the^amount annually made by the Chartered 
Company is six hundred millions of cubic feet, or, expressed by weight, more 
than eignteen million pounds. The gas-works next in extent to the Chartered 
Company's is that of the London Gas-light Company, whose establishment at 
VauxhaU is, probably, the most complete in arrangement, and the most power- 
ful of any in the world. The extent of their mains, which ramify into Mid- 
dlesex as well as Surrey, exceeds one hundred and fifty miles ; and, by the 
power of the works, and the admirable mode in which the pipes are laid, gas 
may be supplied to a place more than seven miles distant, in tne same quantity 
and with the same precision as at VauxhaU. 

The entire annual consumption of ^as in London and the enyirons is estima- 
ted at not less than three thousand millions of cubic feet, and the light pro- 
duced by the combustion may be considered as equal to what would be obtamed 
from one hundred and sixty millions of pounds of tallow candles. The annual 
eonsumption of coals in the various London gas-works is said to be about two 
hundred and fifty thousand chaldrons, and nearly nine hundred tons per day are 
consumed in foggy weather in winter. 

Although the French tenaciously assert the claim of their countrjrman, L^ 
bon, to the merit of haying first applied gas as a source of light, yet this mode 



COMPOSITION OF COAL. 10 

of illumination was not adopted in France until the year 1818, when M. Cha- 
bral de Vol vie, then prefect of the Seine, constructed, at the hospital of St. 
Louis, at Paris, an apparatus which supplied gas to fifteen hundred burners. 
Since that time four other gas- works have been erected at Paris. The provin- 
cial French towns which possessed gas-works in 1839 were, Lyons, Reims, 
Amiens, Havre de Grace, and Elbeufl Refuse oily matters are now common 
as sources of gas on the continent. 

Notwithstanding the present enormous production and consumption of gas, 
there can be no doubt that gas illumination is far from having attained that de- 
velopment of which it is susceptible. Gas is still an article of increasing con- 
sumption ; and in proportion as attention is paid to improvements in its man- 
ufacture, in the fittings, and in the mode of burning, and to the means of 
conducting away the products of the combustion, it will become more and 
more generally adopted in private dwellings, so as to supersede at last almost 
all other sources of artificial light. 

Before entering on the minute details of the process of making illuminating 
gases, it will be convenient to consider briefly, in the first place, the composi- 
tion of different kinds of coal as the ordinary sources of gas, and, in the next 
place, the con^osition and properties of those hydrocarbons which form the 
most important constituents of light-gas. 

§ n. COMPOSITION OF COAL. 

The difference in the appearance of the several varieties of coal is not greater 
than the difference in their composition. The principal constituents of coal are 
carbon, hydrogen, oxygen, and nitrogen, the first three of which may be consid- 
ered as the elements of pure coal ; but it always contains likewise a great num- 
ber of earthy impurities. The different kinds of coal comport themselves in the 
fire as ordinary organic substances in which the combustible elements, carbon 
and hydrogen, are condensed into a very small volume. A very inferior coal 
contains a much larger proportion of carbon and hydrogen than wood. 

An insight into the composition of coal, sufficient to deterinine the relative 
value of the different varieties in most of their practical applications, may be 
obtained by determining, 1st, the quantity of volatile matters given off by the 
' coal when heated to bright redness without access dt air ; and, 3dly, the pro- 
portions which exist between the carbon and the ash, or earthy matter, in the 
remaining coke, which may be ascertained by incineration in the open air. 
For gas illumination, the value of the coal is proportional to the quantity of 
volatile matters which it disengages at a red he&t. The fc^owing are the 
results of examinations of this kind on a few varieties of coal, by Mr. Mushet : 

Coke. 

Volaiile / ■» ^ 

MaUer, Carixm, jitk. 

Scotch cannel coal 66-570 39-430 4-000 

Derbyshire ditto 47-000 48-362 4-638 

Welsh furnace coal 8-500 88-068 3-432 

Welsh stone coal 8-000 89-700 2-300 

KUkennycoal 4-250 92-877 2-873 

The most accurate method of determining the composition of coal is by an 
ultimate analysis, after the maimer of an ordinary organic anal3r8is. The fol- 
lowing table contains the results of ultimate analyses of several varieties of 
coal by different chemists : 

Carbon. Hydrogen. Oxygen. NUrof^en. 

1. Caking coal 75-28 4-18 4-58 15-96 

2. Splint coal 75-00 6*25 12-50 6-25 

3. Cherrycoal 74-45 12-40 2-93 10-22 

4. Cannelcoal 64-72 21-40 13-72 

5. Ditto 72-22 3-93 21-05 2-08 

6. Ditto 74-83 5-45 19.72 

7. Ditto 70-90 4-30 24-80 

& Newcastle eoal. 84*99 3*23 11*78 
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The analfses Nos. 1, 2, 3, and 4 of this table are by Br. Thomson ; No. 9, 
bj Dr. Ure ; Nos. 6 and 8, by M. Karsten ; and No. 7, by Mr. Crum. 

As most, if not all kinds of coal, give, on distillation, a larger or smaller 
proportion of ammoniacal products, the existence of nitrogen is probably con- 
stant, though not indicated by the analyses of Crum and Karsten. The 
quantity of that element, however, may not exceed a mere trace in some kinds 
of coal. The proportion of nitrogen obtained by Dr. Thomson seems to be in 
Terv considerable excess. 

The composition of pure splint and cannel coal, according to analysis by 
Richardson and Regnault, is represented by the formula Ca Hjs O ; whicn 
giyes, when expressed in proportions per cent. 

Carbon 87'27 

Hydrogen 7*88 

Oxygen 4'85 



100*00 



Pure caking coal, according to Liebig, has the composition Cao H9 0, or, 
per cent., carbon, 8^7*59 ; hydrogen, 6-57 ; and oxygen, 5-84. Nitrogen does 
not seem to be an element of pure coal any more than of pure Tignin or 
woody fibre, from which the coal itself is derived. The form in which the 
nitrogen exists is uncertain ; though given off as ammonia on the destructive 
distillation of the coal, it certainly does not pre-exist in that form, with the 
exception of a mere trace. It is probably derived, in part, from the albumi- 
nous matter contained in the original wood, but it may also be traced to the 
animal remains found in the coal. 

Some kinds of coal contain a small quantity of a resinous matter, which 
may be extracted by digesting the coal in ether, or oil of turpentine : the resin 
disBc^ves, and leaves the other constituents of the coal unacted chv Such coal 
is probabljr derived from the decomposition of trees which contain a consider- 
able quantity of essential oil and resinous matter, such as the pine, for in- 
stance. 

The extraneous constituents of the commoner varieties of coal, are the 
fdiowing : 

Argillaceous matter , deiived from the contiguous beds, is the earthy impa- 
rity usually found in greatest quantity. It is composed chiefly of silica and 
alumina, but may also contain magnesia, oxide of iron and potash ; the latter 
is derived from the decomposition of felspar (see page 7). It is mixed so 
intimately with the coal as to be invisible by the naKed eye, and can only be 
recognised (except by analysis) by the hardness and tenacity which it commu- 
nicates to the coal, especially when in a considerable proportion. 

Carbonate 0/ iron is very freijuetttly, if not always, found in coal. It is not 
disseminated minutely, like the argillaceous matter ; but, for the most part, in 
detached reniform masses of various sizes. 

Unfortunately; for some applications of coal, and especially that of making 
gas, few varieties are free from iron pyrites, or bisulphuret of iron. This 
mineral is generalljr visible by the naked eve ; it exists disseminated in 
minute crystals and in layers in fissures of the coal. The sulphuretted hydro- 
gen contamed m impure coal-gas is derived almost entirely from iron pyrites. 
Carbonate of lime is g«ierally present in small quantity, sometimes minutely 
disseminated, like the argillaceous matter, but often in thick laminas. 

A constant product of the distillation of coal is muriate of ammonioy which 
shows that chlorine must exist in the coal in some shape or other. Chloride 
of sodium (common salt), which is contained in the water infiltrated into the 
coal-mines, may be the source of the chlorine ; but muriate of ammonia itself 
has been detected by M. Bussy in a specimen of coal from Commentry, near 
MontJuson. A trace of hydriodate of ammonia was also found by M. Bussy. 

Sulphate of lime (gypsum) is considered by Lampadius to be a constant im- 
purity in coal. Of all the specimens he examined, comprising more than 
thirty in number, not one was found to be free from thar substance (Afanuc/ 
de Metallurgie,) 
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Besides the impurities nientioned, coal has sometimes beea found to contain 
quartz t mica, sulphate of barytes, galena, blende, dolomite , phosphate of lime 
(in reniform masses, like carbonate of iron), sulphate of alumina, sulphate of 
iron, traces of manganese, ma^esia, sulphur in the free state (M. Bussy), and 
a silicate of alumina of a peculiar composition (named pholerite by M. Guille* 
min). Silicate of soda has been detected in the water wnich infiltrated through 
coal-beds (Mr. JLeigh). • 

Spurious coal (called, in Scotland, ;>arro^ coal), which is found among strata 
of genuine coal, contains about one fifth of its weight of stony matter. J.n- 
'thracite leaves, when burned, nearly 40 per cent, of ash. ^ 

So far as the use of coal in making gas is concerned, the impurity of greatest 
moment is iron pyrites — the principal source of sulphuretted hydrogen. In 
the extensive purification required by the gas when the quantity of smphuret- 
ted hydrogen is considerable, a notable proportion of useful gas, or vapor, is 
separated, together with the sulphuretted hydrogen. Hence the advantage of 
ascertaininsf, by analysis, the relative proportions of sulphur in the difierent 
varieties of coal, in order to select that which contains the smallest quantity. 
It has been estimated that, from coal nearly free from sulphur, gas may be 
obtained which aiSbrds ten per cent, more light than that from the common 
sulphurous coal. It is not likely that any variety of coal would be found en- 
tirely free from a source of sulphuretted hydrogen, but the proportions of iron 
pyrites vary considerably in the different kinds. 

§ in. HYDROCARBONS. 

The substances to which the illuminating power of coal-^s is due, are 
compounds 6f carbon and hydrogen, and are therefore termed hydrocarbons. 
These bodies constitute an extensive class of substances, including solids, 
liquids, and gases, possessing, with a great diversity of physical characters, a 
remarkable similarity in composition. As a class of these bodies possess con- 
siderable interest on account of the useful applications which some of them 
have received in domestic economy, and of their productions in various natural 
and artificial processes. These conapounds have an organic origin, being 
either formed under the influence of a vital process, or derived from the de* 
composition of substances containing carbon and hydrogen, which once formed 
part of an organized body. 

It is certainly a remarkable fact that bodies differing from each other in 
appearance so greatly as essential oil of lemons, coal-gas, spirit of turpentine, 
naphtha or petroleum, bitumen, attar of roses, naphthalin, and caoutchouc, 
should be composed of the same two elements, though united in different pro- 
portions; but it has been shown that some of these hydrocarbons actually 
possess the same ultimate composition, or proportions per cent, of the two 
elements, though unquestionably different si^bstances. !^sential oil of lemons 
and oil of turpentine, for instance, are both composed of 

Carbon 88-2 

Hydrogen 11*8 

100-0 

The term isomerism (from ivo;, equal, and i^po^, part), is made use of to ex- 
press such a reUtion in composition between different bodies, and the bodies 
themselves are said to be isomeric. When the doctrine of isomerism was 
first introduced, it was believed that isomeric bodies may have not only 
the same ultimate comoosition, but the same constitution (see page 13), or 
the same arrangement ot the ultimate atoms. But more recent research has 
been unfavoraUe to such a view, and the term isomerism is now venr oom- 
monly and generally employed to indicate identity in the composition ot two or 
more bodies when expressed in one hundred parts, not necessarily accompanied 
br a similar arrangement, or number of the ultimate atoms. In the example 
aSoTB cited, the proportion per cent, of carbon and hydrogen shows the relattfe 
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proportioii of the eqaiyalents to be five equiyalents of carbon to four eqaiTHlents 
of hydrogeo.* Now, a closer inrestieation of the essence of lemons has led to 
the conclusion that one int^prant molecule, or equiralent of that essence, coa- 
tains ten equivalents of carbon and eight equivalents of hydrogen ; while the 
molecule of oil of turpentine is believed to contain twenty eqmvalents of car- 
bon and sixteen equivalents of hydrogen. Where such difference in constitu- 
tion exists, the possession of the same ultimate composition need not be neces- 
sarily accompanied by the possession of identical properties. 

Several gases and vapK}rs among the hydrocarbons are found to possess ex- 
actly the same composition, taking equal weights ; but, in equal volumes, the 
amount of carbon and hydrogen in the gases, or vapors, is found to be very dif- 
ferent, and in multiple proportions. Olefiant gas, for example, has exactly the 
same composition as a gas obtained by the destructive distillation of oil, taking 
equal weights ; but in equal bulks there is found exactly twice as much matter 
in the latter as in the former. The composition of olefiant gas is expressed 
hy the formula C4 H4, and that of oil-gas by Cs Hs. As regards their compo- 
sition, therefore, these gases differ from each other only in their state of con- 
densation. 

The hydrocarbons on which the illuminating power of coal-gas depends are 
light carburetted hydrogen and oleiiant gas. 

Light carburetted hydrogen. — This gas consists, in 100 parts by weight, of 
75 of carbon and 25 of hydrogen, proportions which correspond to one equiva- 
lent of carbon and two equivalents of hydrogen. Its density is 560*45, com- 
Eared with air as 1000 ; and in one volume of it are contained two volumes of 
ydro^en gas and one volume of carbon vapor. It is colorless, tasteless, quite 
neutral, and nearly inodorous. It is unable to support the respiration of ani- 
mals, but is respirable if mixed with air. If a buminof taper is introduced into 
a jar of the gas, the flame of the taper is extinguished ; but the e^s itself 
taxes fire when in contact with air, and bums with a yellow flame of little in- 
tensity. Mixed with a proper proportion of atmospheric air or oxygen, light 
carburetted hydrogen forms a mixture which explodes violently by the ccmtact 
of flame, or by the electric spark. It requires twice its bulk of oxygen for 
complete comoustion. and anbrds water and its own bulk of carbonic acid. It 
is a compound of considerable stability ; is not affected by chlorine ffas in the 
direct rays of the sun, if all moisture is absent ; and is only partially resolved 
into its elements when passed through a tube heated to wniteness. A small 
quantity of carbon is then deposited within the tube. 

Light carburetted hydrogen is a product of the destructive distillation of 
of most orga'hic matters, but it can not be prepared in a state of purity by such 
a process. It is a constant product of the putrefactive decomposition of vege- 
table matter under the surface of water, and may be readily obtained by nuta- 
ting the mud at the bottom of stagnant pools, and collecting the gas as it bub^ 
bles up in an inverte<lrbottle and funnel. It is hence sometimes termed the in- 
flammable air of marshes, or marsh gas. As thus obtained, it contains car- 
bonic acid gas, and a small proportion of nitrogen gas. The former may be re- 
moved by agitating a little solution of potash in the gas, but no easy method 
is known of separating the nitrogen. ^ 

The best mode of preparing pure light carburetted hydrogen artificialljr is, 
by distilling a mixture of acetate of potash with an alkali at a red heat, in a 
coated glass or an earthen retort. The gaseous mixture which is obtained on 
passing the vapor of alcohol through an ignited porcelain tube consists chiefly 
of this gas. 

Although light carburetted hydrogen is instantly kindled by flame if in con- 
tact with the air, yet it requires a higher temperature for its inflammation than 
most other combustible gases. A glass rod, heated to dull redness, is suffi- 
ciently hot to ignite hydrogen, carbonic oxide, and olefiant gasses ; but requires 
to be heated to bright redness, or whiteness, to set fire to light carburetted hy- 
dbrogen. 

Olefiant gas. — ^Like light carburetted hydrogen, olefiant gas has not yet been 
reduced to the solid or Uquid state. This gas exists ready-formed in nature. 
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and may be produced artificially by the destructive distillation of fatty, oily, and 
bituminous matters, and, in fact, the most part of organic substances. It was 
' first recognised as a peculiar body in 1796, by the associated Dutch chemists, 
Bondt, Dieman, Van Troostwick, and Lawerenburg, who SBLve it its present 
name from its property of forming an oily-looking compound with chlorine. 

This gas is commonly obtained by heating together in a retort a mixture of 
one part of alcohol with six or seven parts, by weight, of oil of vitriol. The 
retort should be furnished with a globular receiver, from which an exit-tube 
leads into the pneumatic trough where the gas is to be collected. The gas 
which is given off is a mixture of equal volumes of olefiant gas and sulphurous 
acid, and contains, besides, vapors of water, ether, and alcohol. It may be 
obtained pure by passing it first through milk of lime to retain the. sulphurous 
acid, and afterward through oil of vitriol to absorb the vapors. 

Olefiant gas* is a little lighter than air, its specific gravity being 996.87, com- 
pared with air as 1000. It is tasteless, but has a peculiar feeble ethereal 
odor. Like light carburetted hydrogen, it can not support respiration or com- 
bustion. It inflames at a red heat when in contact with the air, and bums 
with a white and remarkably luminous flame. If mixed with air and exploded, 
the detonation is extremely violent. Olefiant gas consists, by weight, in 100 
parts, oJT 

Carbon 85'71 

Hydrogen 14*29 

100-00 

or, by volume, of two volumes of carbon vapor and two volumes of hydrogen 
l^s condensed into one volume. Its symbol is 04 H4. The peculiar luminos- 
ity of the flame of this gas, and the force of its explosion when mixed with 
air or oxygen, are clearly accounted for in its state of condensation. 

Olefiant gas requires tnree times its volume of oxygen for complete combus- 
tion, and produces water and two volumes of carbonic acid gas. When ex- 
posed to a red heat, as by being passed and repassed through a porcelain tube. 
It is decomposed into its elements, solid carbon being deposited within the 
tube, and hydrogen gas liberated, having twice the original volume of the olefiant 
gas. If a mixture of one volume of olefiant gas with two volumes of chlorine 
gas contained in a tall and narrow glass jar is inflamed by contact with a lighted 
taper, the olefiant gas is decomposed, and combustion takes place in a very 
striking manner ; a deep red flame gradually descends through the mixture, re- 
sulting from the combination of the chlorine with the hydrogen of the olefiant 
fas, by which muriatic acid is produced, while the carbon is at the same time 
eposited as a dense black cloud. If olefiant gas and chlorine gas are merely 
mixed in equal volumes in a glass jar over water, the two gases gradually com- 
bine, and condense into an oily-looking liquid known as oil of olefiant gas, or 
Dutch liquid. Olefiant gas also unites with iodine, and with bromine. The 
combination with iodine is a white crystalline solid, which may be sublimed 
without decomposition in an atmosphere of olefiant gas, but not in the air.* 

The inflammable gas which escapes from fissures in the earth, before re- 
ferred to (page 16), known z^ fire-damp, is essentially a mixture of light car- 
buretted hydrogen, free hydrogen, and olefiant gas, differing little in properties 
and composition from purified coal-gas. It generally proceeds from subter- 
ranean deposiies of coal, and is found in the working of^coal-mines pent up in 
cavities. It seems to be given off spontaneously from the fresh surface of 
some kinds of coal in small but sensible quantities. When the gas accumu- 
lates in the gallery of a coal-mine where the air is still, so as to form one 
seventh or one eighth part of the atmosphere, the approach of a naked flame 
mstantly causes the mixture to ignite with a most tremendous explosion, by 
which, before the introduction of the safety-lamp of Sir Humphrey Davy, the 
life of the coal-miner was placed in the most imminent danger. 

An explosive mixture of^ fire-damp and air is not ignited by iron or charcoal 
a^ an incipient red heat, although the contact of flame of any kind instantly 
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deteraunes its inflammation. On this circumstance depends the efficacy <^ the 
safety-lamp, which is simply a common oil lamp with a chimney of wire gauze, 
BO constructed that all the air which obtains access to the flame is obliged to . 
pass through the gauze. The cooling power of gauze containing about eight 
hundred apertures in a square inch is sufficient to prevent, under ordinary cir- 
cumstances, the passage of flame from the interior to the exterior of the lamp. 
A mixture of fire-damp and air does not explode violently when the quantity 
of air is much above or below that required tor the complete combustion of the 
gas, which is about seven or eight times its volume. If fire-damp consisted 
only of liffht carburetted hydrogen, it should require very nearly ten times its 
volume of air. A mixture of one volume of light carburetted hydrogen and 
four of air does not explode, nor does a mixture of one volume of gas and fif* 
teen of air ; in the latter case the gas bums about the flame of the taper, but 
the largest quantity of air prevents the temperature of the mixture rising suf- 
ficiently high for ignition. 

Naphthalin and Paranaphlkalin, — ^Light carburetted hydrogen and olefiant gas 
are the only hydrocarbons which are present in considerable quantity in coal- 
gaSf but the volatile solid and liquid products of the distillation of coal also 
contain several hydrocarbons, one of the most important of which is naphthalin. 
This substance is a white crystalline solid, sometimes found condensed in cer- 
tain parts of the coal-gas apparatus in a tolerably pure state, but is most 
abunaantly contained in the tar. It may be obtained by subjecting coal-tar to 
distillation, the receiver being changed at difiierent periods of the process. 
The first product which distils over is a yellowish oily-looking liquid known 
as coal'oil, which is a mixture of several distinct substances, some of which 
are acids and some bases, but little is known respecting their composition. If 
coal-oil is redistilled and the last products received apart, they afibrd a con- 
siderable quantity of naphthalin when cooled artificially. The naphthalin thus 
obtained may be punfied by solution in hot alcohol and recrystallization. It is 
stated by M. Laurent that this substance is obtained more abundantly from old 
than from recent coal-tar, and also that the product is much increased if the 
coal-oil is subjected for some time to a current of chlorine gas. 

When pure, naphthalin has the form of transparent, colorless and shining 
plates, possessed of a peculiar odor and a bumuig taste. It fuses at about 
176° Fahr., boils at 423° Fahr., and may be condensed without change. It is 
insoluble in water, but very soluble in alcohol and ether, and is precipitated in 
a crystalline state from its solutions in these liquids on the addition of water. 
Naphthalin is readily inflamed, and burns with a strong light and production 
of much smoke. It is not decomposed by heat into free carbon and hydrogen 
so readily as most other hydrocarbons, and seems, in fact, to be peculiarly the 
product of a high temperature ; it being produced when wood and most vege- 
table matters are exposed to the destructive distillation at a bright red heat, 
but not in so large a proportion at a lower temperature. The composition of 
naphthalin is the following : 

Atomic weight. Per-centage composition 

20eq. carbon 120 93-75 

8 eq. hydrogen 8 6*25 

1 eq. naphthalin 128 100*00 

With the assistance of heat, naphthalin combines with oil of vitriol and with 
anhydrous sulphuric acid, forming a fine deep purple-red liquid. When this 
liquid is diluted with water, a considerable proportion of the naphthalin is pre- 
cipitated in an altered state, and the aqueous solution contains three peculiar 
combinations of naphthalin (or modifications of that substance) with hyposul- 
phuric acid (S2 O5), each of which possesses the properties of an acid. A 
great number of interesting compounds have also 6een obtained by the 
action of chlorine and nitric acid on naphthalin, a short account of which may 
be found in the last adition of the ** Elements of Chemistry" of the late Dr. 
Turner, and in the " Elements of Chemistry" of Professor Graham. 

The name of paranaphthalin has been applied by M. Dumas to a hydrocar- 
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bon much resemblioff naphthalin in appearance, which substance it accompa- 
nies in coal-tar. It has the same ultimate composition as naphthalin, but its 
constitution is considered to be different, its symbol being C30 H] 2» instead of 
C20 Hg. Several circumstances serve todistmguish paranaphthalin from naph- 
thalin. The former is insoluble in hot alcohol ; it fuses at 356° Fahr., and boils 
at 572° or higher. If equal weights of paranaphthalin and naphthalin are 
converted into vapor at the same temperature, it is found that the vapor of 
paranaphthalin occupies exactly one third less space than the vapor of naph- 
thalin. The density of the vapor of paranaphthalin is 6630 (air at the same 
temperature bein^ 1000) ; the density of the vapor of naphthalin is 4420, or 
exactly one third less. 

Some othei hydrocarbons are given off in small quantity on the destructive 
distillatiou of coal, but their composition and properties are not well known. 
They are mostly liquids, and contained in the tar. A few ternary combina- 
tions of carbon, hydrogen and oxygen (the last element in small relative pro- 
portion), are also produced in small quantity, some of which are also con- 
tained in the tar obtained by the destructive distillation of wood. As the 
remaining secondary products obtained in the making of coal-gas are not 
peculiar to that process, a separate description of them here is unnecessary. 
We proceed, therefore, in the next place, to the process itself. 



^ IV. PROCESS OF MAKING COAL-GAS. 

By reverting to the introductory observations at page 15, it will be observed 
that a coal-gas apparatus must be so constructed as not only to generate but 
purify the gas: it must also have the means of discharging the gas steadily into 
the pipes for distribution, in order to ensure a uniform exit from the burners. 
The principal parts of the apparatus are the retort, hydraulic main, cooler, puri- 
fier, and gasometer. The design on the foUowino; page shows the arrangement 
of the apparatus when looking at the front 01 the furnace, or the anterior 
ends of the retorts: — a is the furnace, with a set of five retorts, from each of 
which a tube proceeds upward perpendicularly to a height of from ten to 
twelve feet ; it then takes a curve downward, and enters the hydraulic main b. 
The latter is an iron tube of from twelve to fourteen inches in diameter, placed 
horizontally : the extremities of the tubes from the retorts dip about two mches 
below the surface of the liquid in the hydraulic main. From one end of this 
tube, a little above the centre, proceeds the tube c, into a close cistern </, in 
which the tar and ammoniacal liquor are received and separated. From the 
top of the opposite end of the hydraulic main proceeds the tube 6,.by which 
the gas is conducted into the cooler /, and having deposited here a further 
quantity of condensable matter, the gas is passed on to the lime purifier g, and 
tnence commonly to the gasometer h, but sometimes through other apparatus, 
not represented in the annexed figure, but which will be described afterward. 
The construction of each of the parts of a coal-gas apparatus admits of certain 
modifications, and requires to be considered minutely. 

The tabular view of the products of the distillation of coal in tne pase fol- 
lowing the figure will assist in showing the uses of certain parts of the ap- 
paratus. 
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The qoality of the ps depends ia no small deeree on the shape aad size of 
the retort. The origina.! form was that of a cyriiidet placed upright (fig. 2), 
large enough to hold about BfteeD pounds of coal, with the ezit-iu^ at lop by 
Flf.a. Fig. 3, the side. Such a retort Js veiy readily charged, and the gas 
I II produced from il is of good quality ; but its form ia very incon- 

veuient for the removal of the coke at the eod of the process, 
- — Jl J — ,11 One of the meaJis deyiaed in order to remedy this defect was to 
1 r-* I r^ have an openine at the bottom of the retort (fig. 3) al which 
11 the coke might be easilv withdrawn, the coal being introduced 

I ip I at top, as before ; but tne trouble of closing both of the aper^ 

*-— -' " — -' lures at each charge was foonij to be as great as the removal 
3f the coke in the original form. A much larger retort, of the original form, 
was afterward used, capable of huldiog from ten to fifteen hundred weight ol 
Fig. 4. coal, from which the coke was easily removed by an iron 

basket or grapp'.er (fig. 4), suspended ny chains, and put into 
the retorts before the cnarge of coal. At the end of the 
process, the grappler with the coke was remoTed by a crane. 
The great disaavanca^e of this retort is, that the heat re- 
quires a considerahle time to penetrate to the interior of the 
great mass of coal- the cake of coke formed al the side ' 
the retort being a very badly conducting medium, and g 



firoduced slowly is far inferior in illuminating power to that 
brmed quickly, as in the original tmaJl retort, for reasons 
k which will afterward appear. To the latter it was found 



O- ^...^ retort, and fig. 7 the elliptical relo 
f ^ greatest breadth of each form i 

V y twenty or tweaty-lwo inches, t 

height in the middle from nine It 



expedient lo return and the inconvenience experienced ii 
the removal of the coke was lessened by placing the retort 
i position ; the coal is usually introduced by a commcn square 

spade, and sometimes by a tray of sheet-iron, similar to a grocer's scoop, 
which is pushed to the end of the retort, inverted so as to turn out the com, 
and withdrawTU 

The forms of the retort generally used at present are shown in vertical sec- 
tions, parallel to the door, at figs. 5, 6, and 7 ; fig. 5 is called the D or sedi- 
•>- • V,. • ir:.T circular retort, fig. 6 the kidaey-shaped 

■ t, and fig. 7 the elliptical retort. The 
,__. i_._j.i. .!■ . ., fyff^ J3 about 

iches, and the 
height in the middle from nine to twelve 
inches. The kidney-shaped retort is said to require the least heat, and to 
yield the largest quantity of good gas in the shortest lime ; the circular or 
cvlindrical retort is seldom employed in well-conducted gas-works, unless its 
diameter is made less than twelve or fourteen inches.* The length of the 
retort is commonly seven feet six inches. Cast-iron is the only material used 
for gas retorlB in ihia country, but in some pans of the Continent baked clay 
is employed. The ordinary dutation of a retort charged four times in twenty- 
fotir hours is three mcaiths. Thedooroftheretort is secured by a cross-bar and 
Tig. e. hold-fast Bcrew.as shown in fig, S, and rendered 

air-tight by a luting, for which purpose the re- 
fuse lime from the purifier is found conveuienl. 
Three, five, or seven retorts are arranged in 
one furnace or " bed," according to the extent 
of the works. Each retort has what is called 
a mouth-piece o, fig. 8, projecting from the 
^ front of the brickwork, from which rises the 
upright tube leading into the hydraulic main. 
The diameter of this tube is three or foar 
inches, its height to the bend from ten to 
/" n*^S? fourteen feet, and the distance of the hydran- 
*- ■! ^ lie main from the bend from three to four 

ditmetsr li prafensd U Itis HuichiiMr gu- 
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feet. The bend is commonly made by a plain cnrye, but sometimes by a saddle 
joint, as in fig. 8. 

As the extremity of each tube from the retorts dips under the liquor in the 
hydraulic main, all direct communication between the gas in the latter and 
that in the retort is cut off, so that either of the retorts may be emptied and 
discharged while the others are being worked, without interfering with the 
process. The height of the exit-tube above the hydraulic main must be suf- 
ficient to prevent the liquor being driven into the retort by the pressure on 
the gas in the lime purifier g, fig. 1, page 26. 

In extensive gas works there are from four to six hundred retorts, of which 
from two to three hundred are worked on the average of summer and winter, 
each retort being charged with about a hundred and twenty pounds of coal 
every six hours. The retort furnaces are arranged in rows, generally on each 
side of the retort house, the flues from the different furnaces meeting in a 
central chimney. As coke is the fuel generally employed to heat the retorts, 
little or no smoke is given off". In a well-conducted establishment, two men 
are sufficient for the management of three furnaces of five retorts each ; but, as 
the retorts are kept in constant work throughout the twenty-four hours, relays 
of men are required for the night- work. 

By the decomposition of the olefiant gas and vapors of hydrocarbons at a 
high temperature (page 23), the interior of the retorts becomes lined with a 
dense carbonaceous deposite, which, by its imperfect conducting power, ofi*ers 
an impediment to the transmission of heat. A patent was obtained in 1837, by 
Mr. Kirkham, engineer, for a mode of removing the incrustation by means of a 
jet of heated atmospheric air, which is impelled with force into the interior of 
the retort, maintained at a red heat during the operation. The air is conveyed 
by means of an iron pipe with flexible joints proceeding from a blowing ma- 
chine, and bent so as to allow the nozzle, at its extremity, to be directed to any 
point on the surface of the interior of the retort. 

The tube which conducts the tar and ammoniacal liquor to the cistern rf, 
usually proceeds from the end of the hydraulic main, a little above the middle, 
so as to leave tjie latter always half full, or nearly so, of Jiquor. The tar and 
ammoniacal liquor are not miscible; and the former, being the heaviest, is 
found at the bottom of the cistern, whence it may be withdrawn by the cock t. 

Although a very large quantity of tar and ammoniacal liquor is deposited in 
the hydraulic main, yet the gas, in consequence of its high temperature, retams 
a considerable amount of these bodies in the state of vapor, which must be re- 
moved before it enters the lime purifier. To effect their separation, the tem- 
perature of the gas is reduced by passing it through the cooler or condenser 

(/ H' 1). 

Fig. 9. Fig. 10. 
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Figs. 9 and 10 represent a ooDvenient and effective condeiiser, wkich was in- 
TflDted by Mr. John Perks, in 1817. It consists of a series of four-inoh tubes> ar- 
laDged in a rectangular iron chest, double-bottomed and open at top. The di- 
meiisioiis of the tank for a moderatie«sized establishment may be ten feet in 
haight, six feet six inehes ia-leogth, and six feet in breadth. The bottomB of 
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the tubes are opeo, and tenninate in the plate a, between which and the trae 
bottom are placed partitions, to separate the extremity b from the extremity c 
b' from c% h" from c'\ &c. ; but these partitions do not quite extend to the tme 
bottom. The tubes are severally connected at top, either by a curved tube or a 
saddle-joint, so as to form, with the partitions at bottom, one continuous tube. 
The appearance of the top of the tank is shown in fig. 10. A tank of the 
above dimensions may contain forty-eight upright tubes, each eight feet six 
inches in length, making, with the bends at top and communications at bottom^ 
a continuous tul^ of a lens^th of 432 feet. Cold water is poured into the cooler 
by the funnel-tube </, the heated water passing off by the pipe e. The tar and 
ammoniacal liquor fall into the space /, from which they are withdrawn by the 
tube ^, and conducted, in some gas-works, into the tar cistern. Sometimes, 
instead of enclosing the tubes in a cistern of water, they are made somewhat 
longer, and cooled by mere exposure to the air. 

The condenser represented in fig. 1, page 26, is of a different construction from 
that just described, and not so generalljr adopted as the latter. This form, 
which was proposed by Mr. Malam, and is reported to be satisfactory in its op- 
erations, consists of an iron rectangular vessel about nine feet long, five feet 
wide, and four feet deep, containing several horizontal partitions or shelves of 
cast-iron plates, which have edges of about three inches in heijrht, for the pur- 
pose of holding water. These shelves are all fastened to the sides, and, alter- 
nately, to one end of the tank, a space of about six inches remaining between 
the other end of the shelf and the tank. Water is first poured in through an 
opening at top, and when the first shelf is full, the water flows over into the 
second shelf, and so on until all are filled. The excess of water flows out by 
the pipe U The gas enters the box at v, and passing over successive sheets of 
water, equal to the area of each shelf, becomes thoroughly cooled, and passes 
out at 5. The condensed matters flow out by the pipe U 

From the cooler the gas is next conducted to the lime purifier gy fig. 1, where 
It is freed from carbonic acid, sulphuretted hydrogen, hydrocyanic acid (or cyan- 
ogen), and some ammonia. (See table, page 27.) 

The separation of the sulphuretted hydrogen is the most important object in 
all thepurifyin^ o'perations. This gas not only affords no light on combustion, 
but difiuses an intolerable odor if it escapes into the atmosphere unburned, is 
highly poisonous, and produces by its combustion sulphurous acid, which, by 
the action of the oxygen of the air and moisture, passes into the state of sul- 
phuric acid, or oil ol vitriol. The complete removal of sulphuretted hydrogen 
comes, therefore, to be a matter of no small importance. The only manner of 
effecting its separation is by the action of some substance for which it has a 
chemical afi&nity, but which is without action on the pure gas. A substance of 
this kind is lime^ which was suggested as a purifier by Dr. Henry, of Manches- 
ter, in 1808, but was not used generally on the large scale until several years 
afterward. • 

Lime not only absorbs sulphuretted hydrogen, but also carbonic acid, and a 
little hydrocyanic acid, formm?, respectively, sulphuret of calcium (hydrosnl- 
phate of lime), carbonate of lime, and cyanide of calcium. The principal 
methods employed to get rid of sulphuretted hydrogen, previous to the intro- 
duction of lime, were, passing the gas through hot iron pipes and through a 
large quantity of water; but such methods are quite ineffectual. 

Lime may be applied to the gas in two ways : 1st, mixed up with water to 
about the consistence of thin cream (in the <* wet-lime puriner") ; and 2dly, 
as slaked lime slightly moistened with water (in the ^' dry-liine purifier"). The 
former method is most commonly practised. 

The wet-lime purifier represented at ^, fig. 1, is a round cistern, into which 
the g[as is conducted by the pipe k ; this pipe is greatly exi)anded at its Ex- 
tremity into a cone and flat disc, and the latter is pierced with a great num- 
ber of very small apertures: / is a rouser or agitator, to stir up tike lime at 
the bottom of the purifier; it consists of an upright shaft, with a wooden 
or iron framework at bottom. The shaft of the rouser passes through a stuf- 
fing-box at the top of the purifier, and is tumed by wheel and pinion work. In 
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large gas-works the rouser is kept in motion by a steam-engine, which is also 
used for lifting coals, pumping up water, and other heavy work ; but in small 
gas-works the rouser is worked oy the hand. The milk of lime is made with 
one part of • slaked lime to about twenty-five parts of water : it is introduced 
by the tube », and withdrawn by the opening r, four times in twenty-four 
hours. The neight of the liquid above the disc is usually about ten inches. 
In small gas-works only one lime purifier is used at a time ; but in larger 
establishments the gas is passed through two, and sometimes three purifiers 
successively. 
In some of the Londoii gas-works the gas is passed through three or four 

Eurifiers at different elevations ; the second stands at a higher level than the 
rst, and the third higher than the second.. By this arrangement the lime is 
made to enter and leave the purifiers in an uninterrupted current : the highest 
purifier, which is also the last through which the gas is passed, receives the 
milk of lime from a cistern placed above it, and, as the liquid attains a certain 
height, it is conducted by a discharge-tube, or waste-pipe, into the second puri- 
fier on a lower level, whence the liquid is conducted into the first purifier. 
From the latter it is let off by an exit-pipe. As the gas travels in the opposite 
direction to the lime liquor, it is brought gradually into contact with purer 
lime ; in the first vessel it meets liquor which has already purified other por- 
tions of gas in the vessels above ; in the second vessel it meets a purer liquor ; 
and, almost purified itself, passes thence into the third vessel, where it 
meets lime fresh from *the cistern above. A more effectual method of obtain- 
ing the complete absorption of the condensable gases could hardly be devised, 
when the gas is arrived at the last purifier, to ascertain if all the suphu- 
retted hydrogen is absorbed, it is tested by carbonate or acetate of lead, which, 
like all other salts of lead, have the property of becoming brown or black when 
put intd contact with sulphurette'^ hydrogen, the sulphuret of lead being 
formed. These tests are commonly applied by allowing a jet of the gas to 
escape, by opening a stop-cock fixed for the purpose to the cover of the purifier, 
and noldmg against the jet a card smeared with the carbonate or moistened 
with a solution of the acetate or subacetate of lead. If sulphuretted hydrogen 
remains, to the amount of no more than the thirty-thousandth part of the bulk 
of the gas, it may be easily detected by the coloration of the card. It is neces- 
sary that the card should be moist in this experiment, as some salts of lead 
thoroughly dry are not affected by sulphuretted hydrogen gas, if the latter is 
also perfectly dry. Another way of applying the lead test is, by attaching to 
the cover of the purifier one end of a bent tube, provided with a stop-cock, the 
other end oi which is made to dip into a vessel containing an aqueous solu- 
tion of acetate Or subacetate of lead. If the gas is pure, it is commonly next 
conducted by the pipe m, to the gasometer h. 

In the process of purifying the gas by slaked lime, merely moistened, in the 
" dry-lime purifier," patented by Mr. Reuben Phillips, of Exeter, the gas is in- 
troduced at the bottom of a rectangular iron vessel (of the dimensions for five 
hundred Ushis, of five feet in length, five feet in breadth, and three feet in 
depth), and passed upward through several layers of lime, placed on iron gra- 
tings or on perforated shelves of cast-iron, about seven or eight inches apart. 
The perforations are three eighths of an inch in diameter, and three quarters of 
an inch distant from centre to centre. The gas is conducted by a pipe from the 
top of the purifier to the gas-holder. Fresh slaked lime, moistened,*^ but not 
sufficiently to be adherent to the hand, is placed on each shelf to the depth of 
three or four inches, and is then wetted with about a gallon of water mm a 
watering-pot with a rose. The top of the tank is moveable, and fits into a wa- 
ter-joint, or trough, ten inches deep and six inches broad. The shelves are also 
moveable, so that the upper ones may be removed while the lower are being 
charged. This form of purifier is found very convenient in small works, but is 
too bulky when adapted to large establishmeiUs. Mr. Malam, however, pa- 
tented, in 1822, an epTective purifier for the use of extensive gas-works, on the 
tame principle, but more complicated. This method is said to require nearly 
twice as much lime as the wet purifier, with(3ut the ^oritv of the gas being in 
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creased; hut it has a ^eat advantage in requiring no constant mechanical 
power. In the wet punfier a bushel of lime is sufficient to puiify, on the aver- 
age, about twelve thousand cubic feet of gas. 

The spoiled and fee tid lime was formerly allowed to run to waste, to the 
great annoyance of the neighborhood ; it is now preserved and employed as 
manure, and also as a cement to lute the covers ot the retorts. The foetid li- 
quor which is drained from the lime obtained in the wet-lime purifier, is thrown 
into the ash-pits of the furnaces, where it evaporates, its vapor passing through 
the fire and up the chimney. By keeping the bars of the furnace cool, the vft* 
por tends materially to their preservation. 

The gasometer. A, fig. 1, consists essentially of two parts : a round cistern, 
open at top, and filled with water ; and the eas-holder, which is a cylindrical 
vessel, open at bottom and closed at top, very Ettle smaller in diameter than the 
cistern within which it floats. 

The size of the gasometer varies from thirty to fifty feet in diameter, accor* 
ding to the extent of the works. It is considered that a capacity of thirty 
thousand cubic feet is the largest dimensions which can be given to the gas- 
ometer with advantage, as the sheet-iron of which it is formed must then be 
inconveniently thick, and very strong internal cross-bars would be required to 
strengthen the hollow cylinder. The cistern, or exterior tank, is commonly 
made of plates of cast-iron, but sometimes of masonry, made tight with hy- 
draulic mortar. In some gas-works the whole cistern is sunk in the ground. 
The gas-holder may be supported within the cistern by means of a chain n, 
connected with rods, which are attached to the top of the gas-holder : the chain 
runs over two pulleys, o and d, and bears a counterpoise p, to the gas-holder, 
which leaves the latter to exert only as much pressure as is necessary for the 
proper expulsion of the gas. Large gas-holders are usually suspended by three 
or more points at their circumference. The tube which conducts the gas from 
the lime purifier to the gasometer and the tube ^, which is to distribute the 
gas to the street-pipeS, terminate a little above the water in the cistern. 

Nothing can be simpler than the action of this gasometer. When the gas 
is to be collected, the gas-holder is sunk deep in the cistern so as to be full of 
water. As the gas is emitted by the tube m, the weight p being about equal 
to that of the gas-holder, the latter rises, and at length reaches the top ; but, 
its edge being under water, the gas within has no communication with the 
external air. To expel the ^as, the weight of p may be reduced a little, so 
as to increase the pressure of the gas-holder ; the tube q being open, the gas 
will be driven out, and the gas-holder become again filled with water ready 
to receive a fresh supply of gas. There are several gasometers in large works, 
some being filled while others are being emptied.* 

According to the hydrostatic law, that lUc weight of a body in water is less 
than its weight in air by the weight of the water which it displaces, it is ob- 
vious that the weight of the gas-holder decreases as it sinks in the cistern, 
according to the weight of the water displaced by the submerged sides c^ the 
^s-holder. To obviate any inconveniences arising from this inequality of 
pressure, the weight of the chain n is so adjusted as to compensate for the loss 
in the weight of the gas-holder by immersion, the length of chain which 
passes the pulley o being made equal to one half of* the loss ; the other half is 
Qompensated by the same weight of chain passing the other pulley, to add 
to the weight oS the counterpoise. But as the coal-gas within is considerably 
lighter than the air without, and, moreover, varies in density according to the 
manner in which it is prepared, the exact diminution in tiie weight of the 
gMB-bodder is not easily determined by cakulation. 

The inconveniences which attend the bulkiness of the ordinary gasometer 
ibave led to differ«it contrivances by which a greater bulk of gas may be coIp 
kcted over the same area of groimd. The most successful of these ie the 
idescope gasometer, fig. 11, the gas-holder of which consists of two, three, or 
sore cylmders of unequal diameter, and concctttnc. The bottoms and tops of 

* At the Westminster station of the Cburtered Gas Company theve ate no lass thaa *rrtn^-^gm 
fuometers, each containing on the average thirty thousand cubic feet. 



PROCESS OF MAKING GAS. 



the cylinders are proyided with flanges cunred in op- 
posite directions, the flange turning inward and up- 
ward at bottom, and outward and downward at top. 
The outermost cylinder is covered at top, but all the 
others are open both at top and bottom. Supposing 
the cylinders to be sunk in the cistern and ready to 
receive gas, the outermost first rises on the admission 
of gas, and, when its bottom reaches nearly to the 
surface of the water, its curved flange catches the 
flange of the next cylinder, which then rises, and in 
like manner lifts the next. It will be perceived that 
the two rims form together a water-lute which prevents 
the e^ess of gas and the ingress of air. 

This gasometer is sometimes constructed in such a 
manner that the innermost cylinder (which is then the 
covered one) rises first, and the outermost last ; the 





curves are then made in the opposite directions, but the principle of the con- 
structions is obviously the same. The telescope gasometers are usuaUy sus- 
pended at three points on their circumference, by three chains running over 
pulleys affixed to three pillars. 



' The numerous substances given ofi' from coal when that body is subjected 
to the destructive distillation (mentioned in the table at page 27), are not 
afibrded in the same relative proportions at the same periods of the distillation. 
On the first application of heat to coals in a retort, steam comes ofi*, together 
with the air oi the tetort. As the heat approaches redness, a considerable 
quantity of tar is disengaged, but only a small proportion of gas below a red 
heat ; and what gas is produced at that temperature possessess very feeble 
illuminating power. When the retort has attained a bright red heat, the 
evolution of gas is at its maximum ; but tar is still produced, though in smaller 
quantity than at a lower temperature. At a white heat, and after the operation 
has been carried on for two hours, the proportion of tar is very small ; that 
of the gas is still large, but decreasing. At length the evolution of gas ceases 
completely, whatever degree of heat is applied. 

The difference in the bulk of the gas given ofi* from coal at difierent periods 
of the process is shown in the following table, by Mr. Feckston, of the gaa 
obtained from a chaldron of Newcastle coal distributed into eighteai retorts. 
The coal was heated to bright redness immediately. 

CttWc/ee/. 

In the first hour 2000 

In the second hour • 1495 

In the third hour 1387 

In the fourth hour 1279 

In the fiflh hour 1189 

In the sixth hour 991 

In the seventh hour 884 

In the eighth hour 775 

In eight hours 10,000 

The composition and illuminating power of the gas produced at different 
periods of the process vary considerablv. The gas evolved before the retort 
attains a red heat contains a considerable amount of carbonic oxide ; hence its 
feeble illuminating power. That produced at a bright red heat contains a 
larger proportion of^ olefiant gas and vapors of hydrocarbons than what is 
formed at anv higher or lower temperature. As the distillation advances, the 
temperature being somewhat increased, the proportion of illuminating gases 
decreases considerablv, while that of carbonic oxide and hydrogen increases 
m proportion. The aensity of the gas also, which is to a certain extent pro- 
portional to its illuminating power, gradually decreases with the duration of 

3 
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the proceM aad the increase of the temperature. The following tabvkr Tiew 
of results of the examination, by Dr. Henry, of the gas evolved from cannel coal at 
different periods of the process, will show more clearly the difference in tha 
composition. 

COMPOSITION OF COAL-GAS IN 100 VOLUMES. 

1. 2. 3. 4. 5. 

Olefiant gas and vapors of hydrocarbons 13 12 12 7 

Light carburetted hydrogen 82*5 72 58 66 20 

Carbonic oxide 3-2 1-9 12-3 11 10 

Hydrogengas 8-8 16 21»3 60 

Nitrogengas 1-3 5-3 1-7 4-7 10 

100*0 100*0 100-0 100*0 100 

Density of original gas (air as 1000) 650 620 630 500 346 

Measures of oxygen required for combustion of 100 

measures of gas 217 194 196 166 78 

Measures ofcarbonic acid produced 128 106 108 93 30 

Density of gas remaining after agitation with chlorine 575 527 533 450 345 

Nos. 1, 2, and 3, of the preceding table were produced during the first hour 
of the distillation, No. 4 at the commencement of the sixth hour, and No. 5 
ten hours after the commencement. 

Some of the rules for the production of ^ood coal-^s may be deduced from 
the preceding observations. In the first place, to reduce the product of tar as 
much as possible, the coal should be rapidly heated to bright redness ; the 
retort, in iact, should always be at a bright red heat when the coal is intro- 
duced ; a portion of the tar, which would otherwise distil over into the 
hydraulic main, is thereby converted into excellent gas. For the same reason, 
the coals should not be introduced into the retort in large masses. In that 
case, an exterior coating of coke is soon formed, which retards, by its non- 
conducting power, the transmission of heat to the interior of the mass. The 
advantage m the use of the D-shaped, kidney-shaped, and elliptical retorts, 
over the circular or cylindrical (page 28), is wholly referable to the circum- 
itanoe, that the coal is more rapidly heated in the former than in the latter, 
from the exposure of a greater surface to the heat. The average quantity of 
gas obtained from a ton of Newcastle coal in the D-shaped, kidney-shaped, or 
elliptical retort, is 9,000 cubic feet ; in the circular retort, the diameter of 
which is about the same as the widest diameter of the other construction, the 
average quantity from the same kind of coal, at the same degree of heat, and 
worked in the same manner, is 6,400 feet.^ According to the experiments of 
Mr. Feckston, the charge in elliptical, kidney-formed, or D<«haped retorts, 
may be worked off in half the time required with circular retorts. Five of 
the former, worked with 120 pounds of coal to each, duxmg a four-hours' 
charge, will produce, in twenty-four hours, as much gas as teb cylindrical re- 
torts, worked at eight-hour charges with 160 pounds of coal to each report every 
charge. (Feckston, Practical Treatise on Gas-lighting, p. 126, 3d edit.) 

The form of retort said to behest adapted for the rapid decomposition of the 
coal is the " rotary retort,^* patented by Mr. Clegg in 1816, but its expensive- 
iiess has hitherto proved an obstacle to its genml introdtEction. In consists 
essentially of a large rectangular iron Vox, contakung fifte^K little boxes, each 
charged with about Mtf pcmds of coal. Oidy a porticm of the large box is 
heated to redness, the temperature of the remamder hms iasujOBcient to cause 
the deeompositten of coal^ The small boxes remain tor four hours in the 
cooler part of the large box, during which time the coal becomes thorougldy 
dxied ; they aare then (b^ five at a time) lor two ho«un at the part heat^ to 
Xfidness. The gas obtained from the rotary retort is of exeeUent quality, and 
a ton of commcHi coals is said to afford 11,400 cubic feet. Twenty-seven 
taodred-weight of coals xftay he worked off in twenty^fbur hours. 
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VtitvDg the ivhole process^ the temperature of the retort should not exceed 
that of a bright red heat. At a higher temperature, the proportion of hydro- 
gen, carbonic oxide, and nitrogen gases, is greatly increased ; while the pro- 
duction of olefiant gas, the chief illuminating ingredient, almost ceases. This 
arises from the decomposition of the oiefiant gas at a high temperature into 
free hydrogen or light carburetted hydrogen and carbon ; the latter is depos- 
ited in a solid state around the sides of the retoflrt in a peculiar form, known 
as gas-carbon. The carbonic oxide gas (CO or C20'^) is derived from the* 
combination of carbonic acid gas (CO2) with carbon ; one equiyalent of car- 
bonic acid giving rise to two equivalents of carbonic oxide, by uniting with 
one of carbon. The nitrogen is probably derived immediately from the de- 
composition of ammonia into its elementary constituents, hydrogen and nitro- 
gen. If both the carbonic acid and ammonia had remaincnl as such, instead 
of being converted into carbonic oxide, nitrogen, and hydrogen, they might 
have been readily separated in the process of purification ; but no efficacious 
and simple means are known of removing the above products of their decom- 
position. Hence the disadvantages of increasing the temperature beyond that 
of bright redness. As nitrogen and carbonic acid oxide gases are always dis- 
engaged in abundance at the end, m the ordinary manner of conducting the 
process, if gas of a very superior quality is required, the operation should 
be stopped two hours after the commencement. 

But tne quality and quantity of the gas depend, as might be supposed^ on 
the quality of the coal, as well as on the maziner of conducting the distilla- 
tion. 

The selection of a proper kind of coal for making gas is a subject which 
seems to deserve more attention from the managers of gas-works than it com- 
monly receives. It is probable that in the end there would be a considerable 
Saving, even in the London gas-works, by the adoption of richer kinds of coal 
than those commonly employed, as cannel coal, for instance, which would 
generate a more highly carburetted gas, and give as brilliant a light in smaller 
guantity, without the production of so much heat as is developed in the combus- 
tion of the highly hycbrogenated gas derived &om the commoner kinds of coal. 
In such case, the price of the gas per meter might reasonably be increased* 
Less labor and a smaller capital, too, are required to work a rich than a foot 
coal, as the apparatus for the former need not be on so extensive a scale as 
lor the latter. 

The following table shows the quantity of eas obtained on the large scale 
from several different kinds of coal in elliptical retorts at a bright cherry-red 
heat by daylight, the charge to each retort being about 126 pounds of coal : — 

Namaof Coals. CMcFtit of Qom^M^ 

j.iam€MUf ouww. from one TmqfCwdf. 

Sootob Cannel • 11,850 

Lancashire Cannel • 11,660 

Torkshire Cannel 11,240 

Bewicke and Craister's Wallsend 10,370 

Bossdl's WaUsend 10,369 

Bewicke's Wallsend 10,131 

Tanfield Moor 10,070 

BeU'8 WaUsend « 9,963 

Forest of Dean (HigkDeli^) « 9,880 

Heaton Main ^ 9,740 

Hartley's 9,600 

Cowper's High Main • • • 9,460 

Kiliingworth Main « 9,393 

Benton Main 9,082 

Pontops ...••'••••*. 4. «..••• 9^04(9 

Wigan Ovall 9,000 

Wear Wallsend ........•••. 8,662 

Burdon Main : 8,341 

Brown's Wallsend 8,336 

WeUington Main «««.««4^^.. « 8;270 
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V ^n 1 * CMc Feet if Ga$ dbiamed 

Ifamee qf Coaii. ^^^ tmTmtf CoaU. 

Temple Mata 8,180 

Hewlsworth 8,052 

Heblmni Seam 7,896 

Hutton Seam 7,785 

Nesham 7,763 

Manor Wallaend 7,700 

Forest of Dean (Low Delph) 7,660 

Bleyth 7,420 

Forest oTDean (Middle Delph) 7,260 

Eden Main 6,670 

Straffordsbire Coal, first kind 6,474 

Primrose Main 6,220 

Staffordshire, second kind 6,090 

Do. third kind 6,840 

Do. fourth kind % . 5,807 

Pembry 4,200 

The results in the preceding table were the fruit of a series of careful 
and laborious experiments by Mr. Feckstou, the greater part of which were 
performed on an extensive scale, and all sufficiently large for obtaining results 
of great practical ralue. {Practical Treatise on Gas-lighting,) 

m the process of pmification by lime, to which the gas is subjected in order 
to deprive it of sulph\iretted hydrogen and carbonic acid, the illuminating 
power of the gas appears to be reduced to a considerable extent ; hence 
the advantage of selecting such kinds of coal as contain least iron py- 
rites. The reduction in illnininating power, where extensive purification 
is required, is shown in the results of^ some experiments by Dr. Ure, who 
found, in a specimen of coal-gas, as delivered from the retorts of one of the 
metropolitan companies, no less than 18 per cent, of olefiant gas, or of the 
Tapors of hydro-carbons and olefiant gas ; but, after having been passed 
through the purifiers, there remained omy 11 per cent. Mr. John Davies, of 
Mandiester, estimates that 10 per cent, more of light might be realized by 
making use of a coal nearly free from sulphur, in the place of the common 
eoal containing pyrites. (Meeting of Brit. Association, 1842.) There is rea- 
son to believe, however, that this estimate is too high for general application. 

M. Penot has called the attention of the managers of gas-works to the great 
advantage which would result by the emplo][ment of coal previously deprived 
of its hygrometric moisture by dryine^. In its ordinary state, coal, according 
to M. Penot, contains 10 per cent, of hygrometric water. When steam comes 
into contact with olefiant gas and the vapors of hydrocarbons at a red heat, 
mutual decomposition takes place, with the production of carbonic acid (pi 
carbonic oxide) and hydrogen or light carburetted hydrogen. The loss of tne 
luminiferous constituents of the gas from this cause seems to be very consid- 
erable, but ma^ be prevented to a great extent by making use of coal previ- 
ously dried. It is stated that the quantity of olefiant gas produced from coal 
containing its ordinary nroportion of hygrometric moisture, is to that pro- 
duced from the same coau in a dry state as 1 : 1*5. 

One kilogranmie of coal, containing 10 per cent, of water, afforded 
160 litres of gas of good quality, giving a white flame, 
92 litres of inferior gas, giving a red flame, 

252 
leaving 632 kilc^rammes of eoke. 

One kilogramme of coal, previously well dried, afforded 
240 litres of good gas, 
92 litres of inferior gas^ 

332 
leaving 668 kilogrammei of eoke. 
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The difference is certainly far greater than might have been anticipated, 
but the exactitude of the proportions determined by M. Penot has been con- 
firmed by experiments made on an extensive scale at the Mulhausen gas- 
works by a committee appointed by the Societe Industrielle of Mulhausen. 
M. Penot's paper on this suoject may be found in the Journal fur praktxscken 
CAemiey xxiv., 106, and the report of the committee in the Builetin of the 
society. 

The presence of ammonia in coal-gas, after having been subjected to the or- 
dinary processes of purification, seems to bave escaped notice until lately. A 
considerable quantity of the sulphuretted hydrogen which enters the lime 
purifier is in a state of combination with ammonia, as hydrosulphate. This 
substance is decomposed by the lime in the purifier, with formation of sulphu- 
ret of calcium and evolution of free ammonia. Carbonate oC ammonia also 
enters the lime purifier in the st^te of vapor, and is decomposed by the lime 
in a similar manner, with production of carbonate of lime and free ammonia. 
A small proportion of the ammonia formed by these sources remains dissolved 
in the water of the purifier ; but the greater part comes off as ^s, mixed with 
coal-gas. This impurity is not very injurious to the illuminatmg power of the 
coal-gas, and, if the gas is kept in the gasometer for a short time, the water 
abstracts it almost entirely ; but several processes have been proposed for the 
removal of the ammonia before the gas enters the gasometer. The process 
patented by Mr. Phillips, of Exeter, consists in conducting the g^s from the 
lime purifier into a tank containing a solution of alum. In order to expose a 
large surface of the purifying liquid to the gas, a quantity of broom is im- 
mersed in the solution. In the course of a few hours the bottom of Ihe puri- 
fier becomes covered with a quantity of alumina, produced tb rough the de- 
composition of the alum. The sulphate of alumina contained in the alum 
produces, with free ammonia, sulphate of ammonia, which remains in solu- 
tion, and alumina, which is precipitated. 

A solution of protosulphate of iron Tgreen vitriol) was substituted for alum 
in the above process with a corresponain^ result, oxide of iron bein^ precipi- 
tated, and sulphate of ammonia formed in the solution ; but ^een vitriol pre- 
sents advantages which are not possessed by alum. Hydrosulphate of ammo- 
nia and hydrocyanic acid, traces of which sometimes escape the action of the 
lime in the purifier, are imperfectly absorbed by a soluti5n of alum : the latter 
absorbs only the ammonia of the hydrosulphate ; the sulphuretted hydrogen 
passes on to the gasometer. But green vitriol absorbs hydrosulphate of am- 
monia as well as free ammonia, producing in the former case sulphuret of iron 
and sulphate of ammonia, instead of oxide of iron and sulphate of ammonia, 
as happens with free ammonia only. The hydrocyanic acid, or, more prop- 
erly, hydrocyanate of ammonia, is likewise absorbed by green vitriol, with 
the production of a variety of Prussian blue. 

Mr. Lowe, of the Chartered Gas Company's works, proposed to separate 
the ammonia by passing the gas through dilute sulphuric acid, af^er having 
passed the lime purifier. As concentrated sulphuric acid (oil of vitriol^ rap- 
idly absorbs the vapors of the oily hydrocarbons, and also olefiant gas, it can 
not be used for this purpose ; but, when the dilute acid has been so long in 
use as to be saturated with ammonia, a small quantity of oil of vitriol may be 
introduced by a funnel-tube, fitted to the purifying vessel for that purpose. 
When it is required to separate the ammonia on the small scale, as by the 
consumer himself, the gas may be exposed to the dilute acid in Mr. Lowe's 
naphthalising box with perforated shelves, a description of which may be 
found in another part of the present article. 

Anothc:' method of separating the ammonia was proposed by M. Blondeau 
de Carolles, which consists in conducting the gas from the lime purifier through 
a vessel containing layers of coke covered with chloride of calcium, a sub- 
stance which rapidly absorbs ammonia. 

But neither of these purifying agents is much employed at present, as it is 
found that the ammonia may be very easily and completely separated by merely 
washing th<$ gas with water. The most effectual method of washing the gas 
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ia U^eonduet it fr(»n the purifier to the bottom of a tank eontaining' broom- 
twigs, water being introduced at the top and allowed to trickle slowly oTer 
the broom. The ordinary wet-lime pu|-ifier {g, fig. 1) may also be used for 
Uie same purpose. The solution of ammonia which is thus obtained is em- 
j^oyed in the manufiicture of sal-ammoniac and sulphate of ammonia. 

Mr. Mallet has propused to transmit the gas, as it comes from the condenser, 
through two purifiers, containing soluticxis of CTeen yitriol or solutions of sul- 
phate of manganese,* and afterward through the milk of lime. The sulphate 
of ammonia Uius obtained would not only coyer the expense of the green vit- 
riol, or sulphate of manganese, but give a clear profit. It is said that very 
little sulphuretted hydrogen remains to be absorbed by the milk of lime, and 
that the gas thus purified does not produce a trace of sulphurous acid in its 
combustion. An incidental advantage attending this method is, that much less 
labor is required to keep the lime in a state of agitation. In 1841 a patent vras 
granted to Mr. CroU, superintendent of the Brick Lane gas-works, for the use 
of a solution of chloride of manganese, dilute sulphuric acid, and dilute muri- 
atic acid, for a similar purpose : the gas is afterward passed through the lime 
purifier. 

Sulphate oi* lead, which is a by-product in calico print-works, has been pro- 
posed by M. Fenot as a purifying agent in districts where it may be procured 
at a very cheap rate. It absorbs hvdrosulphate of ammonia completely, the 
oxide of lead retaining sulphurettea hydrogen, and the sulphuric acid ammo- 
nia. In no part of this country, however, can sulphate of lead be procured 
sufficiently cheap for such an application. 

§ V. SECONDARY PRODUCTS OF THE COAL-GAS MANUFACTURE. 

Next to the g[as itself, the most important and valuable of the volatile prod- 
ucts of the distillation of coal is the ammoniacal liquor, or gas-water. This 
liquid and the tar are condensed, for the most part, in the hydraulic main hf fig. 
1, whence they are conducted into the tar-cistern. A further quantity is also 
separated from the ^as in the condenser. The tar is found at the bottom of the 
cistern, the ammomacal liquor floating over it. 

The ammoniacal liquor of the coal-gas works is at present the principal 
source whence the commercial demand for sal-ammoniac and carbonate of 
ammonia is supplied. The average price of this liquor may be taken at half 
a crown per butt of 108 gallons. A ton of good coals affords rather more than 
two hundred pounds of ammoniacal liquor. 

This liquid is essentially an aqueous solution of hydrosulphate and carbonate 
of ammonia ; but it also contains muriate of ammonia, sometimes in consider- 
able quantity,! hydrocyanate of ammonia, acetate of ainmonia,^ gallate of 
ammonia (Mr. Leigh), and sulphite of ammonia. Muriate of ammonia is pre- 
pared from this source by saturation with muriatic acid, when sulphuretted 
hydrogen, carbonic acid, and a little hydrocyanic acid are given cff, and an 
equivalent quantity of muriate of ammonia remains in solution. By evapora- 
tion to dr3mess and sublimation, this salt is obtained nearly pure. Sulphate 
of ammonia is prepared in very considerable quantity from ammoniacal liquor ; 
not to be used itself, but to be afterward converted into carbonate of ammonia 
(smelling-salts). The sulphate is made either by saturating the liquor with 
sulphuric acid, or by the addition of green vitriol, procured by the oxidation of 
iron pyrites. In the latter case, sulphuret and carbonate of iron are first formed 
and precipitated, being insoluble compounds. Sulphate of ammonia remains 
in solution, and is obtained by evaporation and crytstallization. At the Dept- 
ford chemical works, which is one of the principal manufactories of ammoma- 
cal salts from gas-liquor in this country, there is a yearly consumption of be- 
tweai five and six hundred thousand gallons of the liquor. A pipe is laid from 

* Sulphate of manganese is obtained as a by-product in the manufacture of bloaching-powder. 
t Four ounces of muriate of ammonia have been obtained from one gallon of gas-water fnm 
caonel coal (Mr. Leigh.) 
I Acetate of ammonia is a constant product, acceding to Lampadins. 
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the Deptford gas-works to the abore establishment for the purpose of conyeyiag 
the liquor. 

Of late years it has been proposed to make the hydrocyanate of ammonia con- 
tained in ffas-liqaor available as a source of Prussian blue. The common method 
of preparing this pigment from gas-liquor is first to saturate tbe liquor with 
muriatic acid, and to add afterward a solution of green vitriol : but this method 
presents no economical advantages over the ordinary process. 

The proportion of tar obtained from coal in the process of making gas gen- 
erally amounts to about 8 per cent, of the coal. The disagreeable smell of 
this substance is an impediment to its extensive employment ; but it is used as 
a paint, to protect wood, &c., from injury by moisture. When distilled, one 
hundred pounds of tar afford about twenty-six pounds of an oily liquid known 
as coal-oil ; the light product which first distils over is coal-naphtha. A black 
resinous substance, jntch, remains behind, of the chemical nature of which little 
is known : it is largely used for paying wooden piles, &c., which are to be im- 
mersed in water, and the bottoms of ships ; but it is not so well adapted for 
these purposes as pitch obtained from wood-tar ; it may be procured, however, 
at a cheaper rate tnan the latter. 

Coal-naphtha is a mixture of several bodies, some of which are neutral, some 
possess the properties of an acid, and others those of a base. The most re- 
markable constituent is naphthalin, the properties of which, together with 
those of paranaphthalin, have alread^r been described. Under the names of 
carbolic acid, rosolic acid, brunolic acid, pyrrol, leucol, and cyanol, M. Bunge 
has described some of the compounds said to be contained in coal-naphtha, but 
some of these bodies were probably products of the decomposition of the true 
ingredients. According to M. Dumas, benzin forms an ingredient of this com- 

E heated mixture, and M. Laurent believes a substance which he has named the 
ydrate of phenyle to be an essential constituent. 

Coal-naphtha is a substance of considerable importance in the arts, it being 
one of the best and most available solvents we possess for caoutchouc. It is 
also burned for the production of light in a peculiar kind of lamp, known as the 
naphtha-lamp, and is employed to impregnate coal-gas with its vapor, by 
which a considerable increase in the illuminating power of the gas is obtainea. 
(The means of effecting the impregnation of coal-gas with the vapor of naphtha 
will be afterward described.) 

Tar may be viewed as an mtermediate product in the conversion of coal into 
gas. It is given off from the coal at a comparatively lower temperature than 
gas, and is always the first product of the decomposition of coal. To reduce 
the product of tar, it was proposed by Mr. Parker, of Liverpool, to pass the gas, 
as it issues from the coal retorts, through iron tubes heated to bright redness, 
by which the quantity of gas would be greatly increasea, and that of tar dimin- 
ished ; but the olefiant gas would become converted to hght carburetted hydro- 
§en, with deposition of carbon, by long exposure to a bright red heat. The 
luminating power of the gas would thereby be diminished, although the vol- 
ume of the gas would be increased. 

In some gas-works tar is made available as fuel for heating the retorts. 
About forty gallons are found to be sufficient for a ton of cannel coal. 

The coke which remains behind in the retort in the process of gas-making is 
not the least valuable of the secondary products. It consists of carbon to the 
amount of from 75 to 95 per cent, the remainder being the fixed saline and 
earthy matters of the coal. The proportion of coke formed generally amoimts 
to about two bushels from a hundred weight of coal, or 60 per cent, on the 
original weight of the coal. Coke is always considerably lighter than the coal 
from which it is produced ; the bulk of the coke formed from those kinds of 
coal which are used for making gas in this country is generally 30 per cent. 

Sreater than that of the coal. In its physical aspect coke presents as many 
ifferences as exist in the varieties of coal from which it is produced. Some 
kinds of coal produce an infusible, and others a fusible coke, or rather a coke 
which fuses before it becomes fully carbonized. The coke from the former 
kinds of coal has the same shape as the original masses : but the coals which 
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produce a fusible coke swell up considerably before becoming fully carbonized, 

the coke retaining the expanded ibrm. Coals which produce an infusible coke, 
giye, on destructiye distillation, more water and less tar than the fusible coals. 
Coke is a reducing agent of great importance in certain metallurgic opera- 
tions, as it produces by its combustion a higher temperature than any other 
fuel, bulk for bulk. It is estimated in metallurgic works that one part of coke 
by yolume will afford as high a temperature as two parts by yoiume of wood 
charcoal ; by weight, one part of the latter is considered equal to from one and 
a quarter to one and a half parts of the former. To produce a giyen effect, 
there is always consumed more of coke than of wood charcoal by weight, 
especially if a yery eleyated temperature is not required. The reason of this 
is that coke does not bum well, except in large masses, and with a powerAil 
current of air, by which some of the heat is quickly dissipated. The earthy 
impurities contamed in coke are a serious inconyenience in its employment in 
certain operations in metallurgy and the assaying of ores. 

§ VI. OIL^GAS. 

In a few localities, where coal is difficult to procure, oil may be adyanta- 
geously substituted as a source of gas. The oil emplo3red for this purpose is 
the crudest and cheapest that can be procured; eyen pilchard dregs and the 
sediment of whale-oil, quite unht for burning in the ordinary manner, are saf' 
ficiently pure for making gas. But oil is not at present used in the manufac- 
ture of gas on the large scale in any place where coal is accessible at a 
moderate price. 

The jprocess of making oil-gas is much more simple than that of coal-gas, 
as the former requires far less purification. In one circumstance the two pro- 
cesses differ essentially. The oil is not introduced in quantity into the retort 
and heated for seyeral hours, as coal is ; in such a case the greater part of the 
oil would distil oyer without undergoing much alteration, and that portion 
only would be conyerted into combustible gas which is in immediate contact 
with the heated sides of the retort. What is required is the means of bring- 
ing a small quantity of the oil rapidly to a high temperature, eyen a rt^ heat ; 
this is effectually attained by means of a simple apparatus inyented by Messrs. 
J. and P. Taylor in 1815. 

The original apparatus consisted merely of a furnace with a contorted iron 
tube, containing fragments of brick or coKe, into which, when red-hot, the oil 
was allowed to drop. 

When heated in this manner, oil is immediately decomposed, gases are 
given off, accompanied with a considerable quantity of yapors of substances 
which are liquid at common temperatures, and a large deposite of carbon takes 
place in the retort tube. 

An improyement has since been effected m the apparatus, which consists in 
conducting the exit-tube from the retort into an air-tight cistern, or receiyer, 
in which the more easily-condensed products are collected in the liquid state 

and returned to the retort. TJie gas proceeds frona, 
a pipe leading from the top of the cistern. In the 
annexed figure, a represents the retort, filled with 
pieces of coke about the size of a hen's egg ; b is 
the exit-tube, leading into the cistern c, from which 
the pipe d proceeds to the gasometer. The oil, 
melted fat, or distilled liquid of the cistern, is intro- 
duced into the retort by the tube e. The coke is 
changed eyery fortnight or three weeks, as the in- 
terstices become obstructed by the deposite of 
carbon. 

Oil^gas contains neither nitrogen nor sulphuret- 
ted hydrogen. It contains more carbonic oxide 
Hthan coal-gas ; but the presence of that gas (which 
has hardly any illuminating power) is more than 
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coanterbalanced by the large relative proportion of olefiant gas, on which the 
illuminating power of both oil-gas and coal-gas essentially depends. From 
the presence of so much olefiant gas and vapors of hydrocarbons which are 
liquid at common temperatures, the illuminatmg power of oil-gas is reckoned 
at three times that of ordinary coal-gas, and twice that of the best coal-gas. 
The specific gravity of good oil-gas is 900 ; but it varies much, according to 
the temperature at which the gas is produced. The proper heat is that of 
dull redness ; if lower, the gas contains too large .a proportion of the vapors, 
which, instead of being condensed in the cistern, are condensed gradually in 
the pipes and gasometer, occasioning not only a p;reat loss of prcKduct, but no 
small inconvenience from the stoppage of the pipes. On the other hand, if 
the heat is above dull redness, the bulk of the gas is greater ; but its density 
and illuminating power are less, the olefiant gas being decomposed into car- 
bon and light carburetted hydrogen, as before explained. The following table 
by Dr. Henry exhibits the different qualities df gas produced from oil at dif- 
ferent temperatures : — 

COMPOSITION OF OIL-GAS IN 100 VOLUMES. 

No. 1. No, 2. No, 3. No, 4. 

Olefiant gas and vapors 38 22-5 19 6 

Light carburetted hydrogen i . . 46-5 60*3 32*4 28*2 

Carbonic oxide gas 9*5 15*5 12*2 14*1 

Hydrogen gas 3 7*7 32*4 46*1 

Nitrogen gas 3 4 4 6*6 

Oa-gas 100 100 100 100 

Density 906 758 590 464 

Volumes of oxygen required for com- 
bustion of 100 volumes 260 220 178 116 

Volumes of carbonic acid produced . . 158 130 100 61 

No. 1 was made from train-oil, in the ordinary manufacturing process, at 
a dull-red heat ; No. 2, at a higher temperature ; and Nos. 3 and 4, higher 
still. 

One gallon of whale-oil afibrds on the average about 90 cubic feet of gas 
of the specific gravity of 900. A gallon of palm-oil afibrded 95 feet. 

When oil-gas is subjected to a pressure of from twenty to thirty atmo- 
spheres, as in the process formerly conducted on an extensive scale for ren- 
dering gas portable, about one fiftn of the bulk of the gas is condensed into an 
oily, volatile liquid, having a specific gravity of 821 ; when the pressure is 
removed, this liquid does not entirely reassume the vaporous state, and it may 
be preserved in ordinary well-stoppered bottles. Mr. Faraday ascertained the 
condensed liquid to be a mixture of several hydro-carbons differing considera- 
bly in their degrees of volatility. The boiling point of one is under the freez- 
ing point of water, and is therefore gaseous at common temperatures. This 
body has the same composition as olefiant gas in 100 parts, but twice the den- 
sity. The principal constituent is a substance now known by the name of 
benzole, or benzin, which was found by Mr. Faraday to consist of carbon and 
hydrogen in the proportion of two equivalents of the former to one equivalent 
of the latter, and was hence called bicarburet of hydrogen. It was afterward 
observed by M. Mitscherlich to be the principal product of the decomposition 
of crystallized benzoic acid, when heated to redness in contact with lime. It 
is a limpid, colorless liquid, havhag the specific gravity 850. It freezes at 
32° into a white crystalline mass, which melts again at 44° Fahr. Its boiling 
point is 186° ; and its specific gravity, in the form of vapor, at 60° is 2738. Its 
odor is peculiar, but not disagreeable. It is soluble in ether and alcohol, but 
insoluble in water. It bums with a bright flame and much smoke ; and, like 
most other of the denser hydrocarbons, when passed through a red-hot tube is 
resolved into carbon and light carburetted hydrogen. Its probable formula 
isOisHo. 
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Notwithstanding the great illmninating power of oil-gas, the abundance of 
the product, compared with that from coal, and the simplicity of the process, 
yet the commonest oil is far too expensive in this country to rival coal as a 
source of ^ias. Several extensive oil-gas establishments were erected at dif- 
ferent places in Great Britain, but all these have gradually become converted 
into coal-gas manufactories. Not a slight objection to oil-gas is the gradual 
lique&ction which its most valuable constituents undergo on standing with 
exposure to moderate cold« to the great deterioration of the gas and the dod- 
ging of the pipes. 

§ Vn.— RESIN-GAS. 

Eesin is another substance which may be advantageously substituted for 
coal in the manufacture of light-gas, where coal is not readilv accessible. It 
affords an abundance of gas of excellent quality, nearly equal to oil-gas ; but 
the price of resin, compared with that of pit-coal, must ever prevent the for- 
mer from cominff into successful competition with the latter in Great Britain. 
The attempt made, a few years ago, to introduce the manufacture on the large 
scale into this country proved a decided failure ; but in some parts of France 
resin-gas is, I believe, manufactured with success. 

The apparatus for making resin-gas is much the same as that for oil-gas. 
In the first attempts to obtam gas from resin, the oil-gas apparatus was used 
without any modification ; melted resin being caused to trickle as oil on the 
fragments of coke. But the exit-tube of the retort, which was carried to a 
considerable height to allow the return of some of the condensed volatile oil, 
became clogged by the bituminous matter which distilled from the resin. Pro- 
fessor Daniell overcame this difficulty, by conductinp^ the exit-pipe from under 
the retort into a cistern, or hydraulic main, by which the return of the bitu- 
minous matter is effectually prevented. The construction of the apparatus. 
Fig. 13. as erected at Bow, near London, under the sa- 

permtendence of Professor Daniell, for the late 
Resin Gas Company, will be understood with 
the assistance of the annexed figure. The re- 
tort a is charged with fragments of coke, and 
heated to bright redness by the furnace under- 
neath. The exit-tube b passes into an air-tight 
cistern, or hydraulic main c, wmch is kept cool 
by a refHgerator, and supplied with water from 
a cistern above. The volatile oil, which con- 
denses in c, is conducted into another cistern d^ 
by the discharge-pipe e. The uncondensed gas- 
es and vapors pass up the pipe /, and deposite 
more volatile oil in the cistern g^ from which 
it is conducted into dhy s, syphon-tube. From 
the cistern g the gas passes b^ the pipe h into 
the gasometer or other reservoir. 

The large quantity of volatile oil which is col- 
lected in this process is employed to dissolve the 
resin, instead of melting the latter alone. The 
commonest resin of commerce is put into the vessel t, and mixed with the oil in 
the proportion of about eight or ten pounds of resin to a gallon of oil ; the so- 
lution of the resin is assisted by the heat of the furnace below. The partition 
shown in the vessel i is a wire-gauze screen, to prevent any solid resin or im- 
purity from entering the retort. The dissolved resin passes through the stop- 
cock kf funnel, and syphon-tube, into the retort. 

The distilled oil contains a little acetic acid, formed durinj^ the process, 

which it is necessary to neutralize by the addition of linie before the oil is 

mixed with the resin. The quantity of oil produced is a little more than what 

is required for the solution of the resin. 

It is stated that a hundred weight of resin affords, in a properly-conducted 
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DpefatioB, from oae tfaoueand to twelve hundred cubic feet c^gas of the arer- 
ftge specific gravity 850. The illuminating power of resin-gas, compared with 
coal-gas, is as two to five : that is, two cubic feet of resin-gas afibrd as much 
light as five cubic feet of coal-gas. At an establishment in France, the illu- 
minating power of resin-gas, compared with coal-gas, is estimated as five to 
nine ; one kilogramme of resin producing 497 litres of gas. The distilled oil 
is almost wholly transfc^rmed inlo gas, if quickly heated to redness. 

Turf 'Gas. — ^A series of experiments was conducted at the gas-works at 
Newry (Ireland), by Mr. Feckston, in 1823, in order to ascertain whether gas 
could be obtained nrom turf ; from which he was led to conclude that, where 
that substance is abundant, it may be advantageously substituted for coals in 
the production of light-gas. According to M. Merle, the light of the gas ob- 
tained from turf is more brilliant than that of coal-gas (?). The gas is easily 
purified, and the charcoal which remains in the retorts answers perfectly for 
domestic purposes ; it gives considerable heat, and inflames readily. 

§ VIII.— MODE OF BURNING GAS. 

The quantity of light obtained by the combustion of ga» is greatly infiu- 
«iced by the mode in which it is burned. The truth of this statement will 
appear from the consideration of the structure of an ordinary flame. 

A solid substance, which does not afibrd a gas when heated strongly — a 
piece of iron or of charcoal, for instance — presents, at a red heat, the phe- 
nomenon of ignition, but it never produces flame. AH combustible bodies, on 
the contrary, which are either gaseous themselves, or are convertible, partially 
or entirely, into a gas, as hydrogen, sulphur, and phosphorus, always bum 
with flame. Hence flame might at first be regarded as luminous gaseous 
matter ; but we shall immediately see that such a definition can only be taken 
in a very limited sense. 

It is doubtful whether pure gaseous matter is, under any circumstances, ca- 
pable of becoming luminous. If a gas is capablcr of emitting light when 
heated, it is certainlv no more than a sensible glow, although the temperature 
may be sufficiently high to heat a metallic wire to whiteness. The air which 
rises from a gas-flame at an Argand jet is hot enough to heat a fine metallie 
wire to bright redness an inch or two above the highest part of the flame. 
The flame of pure hydrogen gas is so feebly luminous as to be scarcely visi- 
ble in broad* daylight ; yet its temperature is sufficiently high to heat to wl^ite- 
ness a piece of thm platinum wire, or particles of lime thrown into the flame. 
The luminosity of flame, in fact, does not depend altogether on its temperature ; 
but on the presence of solid matter diffused through the flame, and igmted by it, 
the solid particles acting as radiating points. Hence a luminous flame has been 
justly described by Davy as always containing solid matter heated to whiteness* 
No flame possesses less light than that of the oxhydrogen blow-pipe ; but, 
on introducing into it some solid infusible substance, the light that is emit- 
ted is too intense to be borne by the naked eye. The feeble luminosity of the 
flames of hydrogen, sulphur, and carbonic oxide is owing to the products of 
the combustion — ^namely, water, sulphurous acid, and carbonic acid — beinff 
gaseous at the temperature of the flame. On the other hand, the flames of 
phosphorus and of metallic zinc are very intense, because the products of the 
combustion — ^namely, phosphoric acid in the case of the former, and oxide oi 
zinc in the case of the latter — are solid, and being diffused through the flame 
serve as radiating points for the light and heat. If the luminosity of flame 
depends on the presence of solid matter, where then is the source of the solid 
matter in the flame of gas or an ordinary combustible ? 

The combustion of coal-gas — that is, the conversion of its hydrogen into 
water, and its carbon into carbonic acid, through the combination of these el- 
ments with the oxygen of the air— can of course only take place where the 
gas or vapor is in contact with the air. In an ordinary flame, such as that 
of a spirit-lamp, tallow-candle, or ^as issuine from a plain jet, the gaseoos 
matter is in free contact with the air only at me exterior of the flame, when 
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alone perfect combustion takes place. In the interior, combustible eases still 
unbumed exist. That such is the structure of the flame may^ be readuy seen hj 
depressing upon it a sheet of wire-gauze of small mesh (through which 
• ^'' '^' the flame is unable to pass), so as to view the flame in section. The 
" combustion is then seen to be limited to the margin of the flame. But 
if the structure of the flame is examined a little more minutely, it is 
seen to consist of four parts, three of which are represented m the 
annexed figure. 1°, Tne shaded interior represents the unbumed 
combustible ^as ; 2°, around this is the brilliant part of the flame, or 
the flame, strictly so called ; 3**, on the yery exterior is another por- 
tion, hardly yisible, but which may be perceived with attention in the 
flame of a tallow-candle ; and 4°, the blue flame at the bottom con- 
stitutes another distinct portion. 
In the blue part at the bottom, and on the very exterior of the flame, per- 
fect combustion of the gas takes place, the whole of the carbon and hydrogen 
uniting with the oxygen of the air to form water and carbonic acid, and with- 
out the production, therefore, of solid matter to afibrd light But in the lu- 
minous part of the flame, b, the supply of air is insufficient for complete com- 
bustion. The carburetted hydrogen gas in this part is decomposed by the 
heat into free carbon and hydrogen, as when passed through a red-hot porce- 
lain tube ; the hydrogen alone, or principally, bums, while the carbon is de- 
posited in minute particles, which become heated to whiteness. The carbon 
does not bum entirely until it reaches the exterior of the flame. Thus the 
light of the flame of ordinary combustibles depends on the consecutive com- 
bustion of the hydrogen and carbon. The combustion of the hydrogen and 
some of the carbon serves to produce the requisite heat, and the particles of 
the remaining carbon radiate the light. The hottest part of the flame is just 
at the top of the luminous cone, where the combustion is perfect, but the air 
not in sufficient excess to carrv away the heat quickly, as is the case in the 
exterior of the flame at the side and at the blue part at bottom. The heat in 
the centre of the flame is so low that gunpowder may be held there without 
beinff ignited ; even fulminating silver has been held for some seconds in the 
interior of a flame without explosion. The chemical effects produced on 
many substances by the exterior and interior parts of the fliame are exactly op- 
posite. Just within the apex of the luminous cone certain metallic oxides are 
rapidly deprived of their oxygen and reduced to the metallic state ; but at the 
very summit of the flame, or a little beyond, the metals reduced from the 
same oxides re-absorb oxygen, reverting to the state of oxide. If a piece of 
clean copper wire is held at the very summit of the flame, it rapidly becomes 
covered with a coating of oxide ; but, on depressing the wire into the interior 
of the flame, the oxide is reduced, and the wire again becomes bright 

That the luminosity of the flame of ordinary combustibles depends on the 
deposition of solid carbon, through the consecutive combustion of the carbon 
and hydrogen, may be proved by some interesting experiments with coal-gas. 
If that gas is mixed with an equal volume of air before being burned, it de- 
posites a smaller proportion of solid carbon, and loses half of its illu- 
minating power. On increasing the quantity of air the light is still furi 
ther diminished. If a sheet of nne wire^gauze is held close to the orifice of 
a gas-bumer, and the.^as kindled above it, it will of course bum with its or- 
dinary brilliancy : but if the gauze is gradually elevated, so as to mix the gas 
with air in different proportions before it passes the gauze and bums, it will 
be found that the brilliancy of the flame diminishes with the height of the 
gauze ; that is, with the quantity of air mixed with the gas. At a paiticular 
elevation the gas bums with a faint blue flame, not more luminous than 
that of sulphur, and hardly visible in the direct rays of the sun. It is then 
mixed with the quantity of air necessary for the complete combustion both 
of the carbon and hydrogen simultaneously. The heat of such a flame is 
more intense than from the same quantity of gas burned in the ordinary man- 
ner, because the combustion takes place within a smaller compass in the for- 
mer than in the latter. The intensity of the heat is seen by projecting into it 
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solid particles of some fixed matter, as oxide of zinc, which instantly become 
heated to whiteness. 

The conditions requisite to obtain the full amount of light from a flame may 
be deduced from the consideration of the precedinff facts. In the first place, 
the carbon and hydrogen must be burned completely, though not at the same 
place. When the combustion of the carbon is incomplete, the flame is smoky, 
and a large proportion of light is lost. As this arises from the gas being m 
too a large a proportion compared with the air, the remedy is obviously either 
the reduction of the amount of gas, or the increase of that of the air. 

The 'great object of almost all improvements in the form of gas-burners 
and chimneys, is to afibrd the means of increasing and regulating the amount 
of air brought into contact with the surface of the flame, so that the intensity 
of the combustion may be increased, without any derangement of the order 
of the combustion. From a plain jet, the diameter of the orifice of which is 
a quarter of an inch, a flame higher than two inches and a half can not be 
obtained without smoke : but the same amount of gas which would give a 
smoky flame from a plain jet may be made to bum with a clear and brilliant 
flame by extending or dividing the aperture of the jet, so as to give the flame 
a larger surface in contact with the air. The entire superficies Fig. is. 
of the aperture need not be enlarged ; it may, on the contrary 
be diminished. In the place of a single aperture, the gas may 
issue, for example, from two holes drilled obliquely to make 
a cross flame, or from three holes, as fig. 15, which gives a 
flame called the " cockspur." More light is obtained by such 
a jet than by the single aperture ; but the intermixture of air 
with the gas at the lateral jet prevents the deposition there of 
the proper proportion of carbon, so that the full amount of light 
is not obtained. It is to be observed that the supply of air is 
required merely at the surface of the flame, and in no larger quantity there 
than is requisite to maintain a proper combustion. 

When the same burner has several apertures, the light 
is improved by making them so near to each other that all 
the jets of gas shall unite laterally into one, as in flg. 16, 
which represents a semicircular jet of several holes, the 
flame from which is called the " union jet," or ** fan ;" or 
as fig. 17, the aperture for which is a slit across the top of 
the beak ; the latter gives a sheet of flame called the '^oat- 
wing." Of burners of this kind, that which seems to af- 
ford most light by the consumption of the same quantity of gas is the '' fish- 
tail" or <* swallow-tail" burner. In this the gas issues from a single small 
round hole in the centre of the top of the burner, but the single jet which is 
emitted is formed by th^ union of two oblique jets 
within the bumer immediately before the gas is emit- 
ted. The result is a perpendicular sheet *of flame, 
much the same in appearance as the " bat-wing" (fig. 
17), but presentiag somewhat more light at the bottom, 
on account of the smaller intermixture of common air 
with the gas at that part of die flame. The '' fish- 
tail" bumer and " bat-wing" are much more exten- 
sively used than the " fan," "cockspur,". or any other 
of this description. 

Another method of increasing the proportion of air is by the bumer known 
as the Argand, which allows the passage of a current of air through the cen- 
tre of the flame, as in the Argand oil-lamp. This bumer pig. is. Fig. lo. 
consists of a circle of small holes of equal size, the cen- 
tre of the circle being open to admit an upward current 
of air. The view of this bumer, from above, is shown 
in fig. 18, and in perpendicular section, in fig. 19. The 
internal current of air thus applied to the flame causes 
more combustion in the same time than with the plain 
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jet» and therefore a higher temperature, bat a sufficient quantity of solid car- 
bon is still deposited to radiate the light. The same amount of gas, whieh, 
proceed iog from a plain jet, would sire a yery tall, smoky, and dull flame, 
would give a much shorter and more luminous name from an Argand burner, 
without any production of smoke. The increase of light is far greater, if, in 
the place of air, pure oTygen gas is passed up the internal opening, as in the 
original* Bqde light of Mr. Goldsworthy Gumey. The intensity of the com- 
bustion on the surface of the flame is greatly increased by the oxygen, but the 
consecutive order of the combustion is by no means disturbed. 

For the same consumption of gas, the flame from an Argand burner of or- 
dinary construction does not afibrd so much light as the flat flames fron^ the 
" fish-tail" and " bat-wing" burners. The reason of this is obvious : as lunii- 
nous flame is opaque, each side of the interior surface of an Argand flame dif- 
fuses light into an apartment only above or below the flame on the opposite 
side. If the diameter of the circle of the burner does not exceed an inch 
(which may be taken as the average size), only a trifling amount of light is 
obtained from the interior surface of the flame. 

When a great deal of light is required, the most economical burner seems 
to be a large circle of *' fish-tail" burners, with as little metal-work at bottom 
as possible y in order to allow the radiation of light from the interior surfaces 
underneath the opposite sides. The light from such a burner may be greatly 
increased by adjusting to the top of the flame a horizontal reflector formed oi 
a circular piece of metal with a round opening in the centre, over which a 
short glass chimney should be placed. The lateral union of the '' fish-tail'* 
jets should be avoided, as smoke is thereby produced ; and if a profuse light 
IS required, other jets may be placed behind the intervening spaces, so as to 
form a double circle. A burner of this construction was first introduced, I 
believe, by the Liverpool New Gas and Coke Company, and named the " solar 
gas-lamp." 

When a considerable quantity of gas is burned together in one flame with- 
out smoke, the increase of light is much greater than the increase in the 
amount of gas consumed ; hence, when a great deal of light is required, 
there is always a saving in burning a considerable quantity of gas together. 
An Argand burner supplied with • 

Cubic feet of gas per hour, 

1) gave light equal to 1 candle, 

2 << 4 candles, 

3 << 10 candles. 

To obtain the fufl amount of light from any burner, the flame should al- 
ways be made as large as possible without smoking. 

The construction of the chimney may have a maiked influence on the pn^ 
portion of air brought into cont^ict with the surface of the flame. A very 
wide, short, and cylindrical chimney, hardly increases or diminishes the pro- 
portion of air ; it is advantageous, however, in causing a more steady flame. jBut 
the draught of air is greatly increased if the chinmey is tall and narrow, or 

contracted toward the top, as figures 20, 21 ; at if it 
Fig^20. Vig.n. Ti g. 28. jjg^yg j^ suddcn contracticm near the bottom, as in ^» 

22. A short chimney with a slight contraction gives 

the flame a much better light than a wide chimney 

does, but the ^s (or oil) is consumed faster in just the 

same proportion. Such a chimney is advantageous 

t^ \ h ^^^^'^^^v®^ strong light is required with a profusioD 

J ] I 1 of gas, especially n the gas is xmusually rich in car 

' " ■ ' '— * bon, as recently prepared oil-gas. A tangential cur 




rent of air is produced by the contraction, which sweeps the outer smiace oi 

* The light now known as fhe Bude light is nothing more than an ordinary gao-flame from tw6, 
three, or more large concentrte Argand tmmers, with chhnneys and reflecting apparatus of parties 
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tlie flame. The same effect is produced at the bottcnn of the flame by ivliat 
is called the ** doable cone gas-burner," which is an Argand burner rising 
through a double brass cone terminating close to the top of the burner. The 
air rises between the two cones and impinges on the flame in a tangential 
current. 

Such are the means of increasing the proportion of air brought into contact 
with the surface of a flame, without dimmishing the quantity of gas; But the 
inconveniences which arise from too much gas, or too little air, are not 
greater than those which proceed, on the other hand, from too great a supply 
of air. With a very great draught, two evils are likely to result : I®, the m- 
termixture of air with the interior of the flame, which always happens in such 
a case to a greater or less extent, produces a more complete combustion of the 
carbon than is proper ; and 2o, a rapid current of air in larger quantity than is 
necessary for the combustion of the gas, carries away the heat, and thus pre- 
vents the flame from attaining its maximum temperature. If a gas-flame from 
a large Argand burner of several holes be depressed (by turning the stop-cock* 
of the jet) until the yellow flame disappears, the flame which remains is blue, 
and so feebly luminous as to be hardly visible in broad daylight. But the 
sarae or a smaller quantity of gas when made to pass through three or four 
holes, as by shutting ofi* the remainder of the holes with a flat glass plate, 
will give a far more luminous flame. In the first case,*the proportion of air 
is so large as to cause complete combustion of the carbon and hydrogen at the 
same time, but not so in the latter case. When a jet of gas issues from a 
small orifice with great velocity, it becomes mixed by expansion with atmo- 
spheric air, and the deposite of carbon is consequently deficient. A great loss 
of light is also experienced with a very tall chimney, on accoimt of the ra- 
pidity and completeness jof the combustion through the unnecessary draught. 
' Of late years gas has come into very general use in the chemical laboratory 
as a source of heat. The most convenient mode of applying it for this pur- 
pose is in the form of the inflammable mixture with air. The mixture afiords 
a very intense heat, because a considerable quantity of gas is c(msumed within 
a small compass, and it has the advantajge of giving a flame without smoke. 
The apparatus represented in figure 23 is found advantageous for this purpose* 
The mixture of gas and air is 
made in the chimney ; a piece 
of wire-gauze is fastened over 
the top, above which the in- 
flammable mixture is igni- 
ted : a is a copper chinmey, 
supported by the ring of a 
retort-stand having a ridge 
or pegs for that purpose on 
the outside ; the bottom is 
(men to admit air: 5 is a 
plain ^as jet, the extremity 
of which is near the bottom 
of the chimney ; the crucible 
or capsule to be ignited is 
supported over the flame en 
a triangular piece of iron 
wire, placed on another ring 
of the retort-stand : e is a sec* 
cmd chimney or jacket to be 
placed over the crucible, to 
create a constant and equal 
diaught. The proportioa of 

Ss and air is regalated by 
e stop-cock df and by rais- 
ing or depressing the chim- 
ney over the extremity of the gas jet. The flame should not bum yellow, talt 
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with a clear blue color, and ought not to produce any deposite of carbon on a 
body held in it. A little experience will show what kind of flame produces 
the most intense heat. * 

Another excellent mode of obtaining heat through the combustion of gas is 
by adapting to an ordinary Argand burner a chimney with a contraction, sim- 
ilar to fiff. 22, made by simply fastening a circular disc of copper with a round 
hole in tne centre into a common cylindrical copper chimney. It is said that 
the temperature is further increased by punching out a circle of small holes 
in the disc, as in the top of an Argand burner. 

The attention of the public has been lately drawn, by Mr. Faraday, to the 
necessity of paying more than ordinary attention to the proper ventilation of 
gas-lights. The importance of this subject will be readily admitted when it 
IS considered that one part by weight of well-made coal-gas produces in com- 
bustion nearly two and a half parts by weight of carbonic acid gas. If at- 
tempted to be breathed in a state of moderate dilution with air,* that gas 
*80on proves fatal ; and causes asphyxia, even if. largely diluted. Though the 
atmosphere of a chamber would hardly acquire from gas-lights the quantity 
necessary to produce such effects, yet the continued respiration, for several 
hours, of air containing not more than one or two per cent, of carbonic acid, 
is known to have produced alarming effects. But carbonic acid gas is not the 
only deleterious product of the combustion of coal-gas. Unfortunately, none 
of the ordinary operations of purification will withdraw the whole of the hip 
sulphuret of carbon which is contained in coal-gas, from whatever kind of coal 
the gas may be made. Bisulphuret of carbon, composed, as its name implies, 
of carbon and sulphur, is a liquid at common temperatures, but so very vola- 
tile that it is re tamed in the state of vapor by the gas, though exposed to a 
very low temperature. In the combustion of gas containing this vapor, thp 
sulphur becomes sulphurous acid, which, by the action of moisture and the 
oxygen in the air, passes into the state of^ sulphuric acid, or oil of vitriol. 
This corrosive liquid attaches itself to the walls and furniture of the apart- 
ment, and, being very fixed, does not dissipate by evaporation and ventilation. 
The destruction of the bindings of the books in the libranr of the Athenaeum 
Club was partly attributed by Mr. Faraday to the action of sulphuric acid thus 
formed and condensed on the backs of the books. The water collected in a 
receiver from the combustion of gas at the Athenaeum ^ve abundant evidence 
of the presence of sulphuric acid when tested by chloride of barium. t 

The common mode of carrying away these deleterious vapors, where any 
means at all are had recourse to, is suspending at a little height above the 
chimney of the lamp a bell-shaped vessel, connected at its top with a narrow 
tube, leading out of the apartment. The diameter of the bottom of the bell- 
vessel is usually much greater than the diameter of the chimney of the lamp. 
The ventilation, or the ascent of the hot air from the lamp through the beU- 
shaped vessel and tube, takes place with a rapidity corresponding to the dif- 
ference between the density of the hot air within and the external cold air. 
As the difference in density depends on the difference in temperature, to have 
a vigorous draught in the tube it is necessary to keep up the temperature of 
the latter as high as possible. But the extent of surface presented by the 
bell-vessel allows so much of the heat to escape by radiation, that sometimes 
the temperature of the tube is scarcely raised above that of the surrounding 
atmosphere, in which case ventilation hardly takes place at all. This incon- 
venience may be surmounted (as shown by Mr. Faraday) by dispensing with 
the bell^essel altogether, and conducting a copper tube, of about the same 
diameter as the flame, from the summit of the flame to the exterior of the 
apartment. Thus placed, the copper tube necessarily becomes more strongly 
heated than the bell-vessel in the common mode of ventilation ; a rapid cur- 
rent is established ; and not only are all the products of the combustion of the 
gas carried away, but even the external air itself may be sucked in at the top 

* If pure carbonic acid is attempted to be inspired, a violent spasm of the glottis takes place* 
wmth prevents the gas from entering the lungs, and caases suffocation, 
t Lecture at the Royal Institution, April 7, IMS. 
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of the chimney. If any objection can be raised to this mode of ventilation, 
it consists in the rather unsightly appearance of the tube so near the flame. 

A very elegant lamp was devised by Mr. Faraday (and patented by his 
brother), in which the ventilating current is made to descend between two 
concentric glass chinaneys of unequal height, the interior being the lowest, 
and to pass from the bottom through a tube, which is afterward bent up- 
ward. The burner is an Argand, supplied with air in the ordinary manner ; 
the tube to conduct away the gases, or ventilating pipe, terminates in a box 
at the bottom of the lamp, formed of two concentric cylinders, the space be- 
tween, which is closed at bottom, but open at top, in order to communicate 
with the space between the two chimneys ; the Argand burner, with the air 
necessary to feed it, rises through the interior cylinder of the box at the bot- 
tom of the lamp. The exterior chimney, which is the highest, is covered with 
a plate of mica. 

The descending current is determined, in the first place, by applying heat 
for some time to the bend of the ventilating tube where it begins to ascend ; 
when fully established, the gas is lighted, and the exterior chimney covered 
with a plate* of mica. The gases from the flame then pass from the top of 
the interior chimney, downward through the space between that and the ex- 
terior chimney, into the box in which terminates the ventilating pipe to con- 
vey the gases without the apartment. A globe of ground glass now placed 
over the lamp gives it a very elegant appearance. It is said that a greater 
amount of light is obtained with such a lamp from the same quantity of 
gas, and certainly a larger flame is afforded without opening the stop-cock 
lurther ; but it seems probable that the force of the draught sucks up a little 
more gas than would otherwise be emitted. Particular attention must always 
be paid in this lamp to determine the downward current fairly, by applying 
heat to the bend of the ventilating tube before the gas is lighted. The neg- 
lect of this is sure to be attended with the destruction of some of the glass 
parts of the apparatus. 

§ IX.— ECONOMY OF GAS ILLUMINATION. 

From the statements contained in the preceding section, it is evident that 
the amount of light obtained from the combustion of gas, and hence the rel- 
ative economy oi gas-light, depends in no inconsiderable degree on the man- 
ner in which the combustion is effected t and, as the cost of the production 
of gas entirely depends on the facility of procuring coal, and of disposing of 
the by-products of the manufacture, which must vary more or less in every 
locality, it is impossible to make an estimate of the advantage of gas illu- 
mination in an economical point of view of general application. The follow- 
ing considerations on this subject have especial reference to the London gas- 
works. 

The average cost of a ton of Newcastle coal, delivered at the works in 
London, may be taken at seventeen shillings, and the value of the products 
from the same quality of coals as follows : — 

£. s. d. 
8^500 cubic feet of gas at 9«. per 1,000 cubic feet 3 16 6 

36 bushels of coke 12 

12 imperial gallons of ammoniacal liquor 3} 

190 pounds of tar 4 

4 12 9i 

According to this estimate there is yielded for every ton of coals about 3/. 
155. 9 J., to DC placed against the current expenses of the manufacture and the 
capital. The fuel employed to heat the retorts in London is coke, of which 
there is required a little more than one third of the amount produced ;* there- 
fore four shillings and threepence may be deducted from the above estiiiiate 
for fuel. About two Uiirds of a bushel of lime, which costs, say ninepencef 

*▲ ton of coals requires about thirteen bushels of coke (heap measure) 

4 
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is required to purify the gas from a ton of coals. Where alum, green yitriolt 
sulphate of manganese, or sulphuric acid, is employed to separate amm0pia« 
the value of the ammoniacal salt formed is a little more than the original 
cost of the material. After making the ahove deductions, there remains 3/« 
10s. 9d. per ton to be placed against the wages of workmen, salaries of man« 
agers, clerks, and collectors, repairs, and interest of capital. 

Such is an outline of the advantages of this manufacture to the producers, 
where the annual consumption of gas amounts to thr«e thousand millions of 
cubic feet, and where more than thirty thousand street lamps are supplied at 
an average price of four pounds per lamp per annum. In small establish- 
ments the profits are considerably less. It appears that, in most localities in 
the south of England, where about one hundred lights are required, a coal- 
gas apparatus may be found profitable ; but the recent improvements in the 
construction of oil-lamps render it doubtfiQ whether a gas apparatus would 
be advantageous for less than a hundred lights. 

With re^rence to the economy of gas illumination to the consumer, Mr. 
Peckston offers the following considerations (Practical Treatise on Gras-light- 
ing, 3d edit., p. 27). An imperial gallon of sperm-oil burned in an Argand 
lamp, which yielas light equal to five candles, will bum about 100 hours, or 
give an amount of light equal to 500 candles burning one hour each ; the ex- 
pense per hour, when sperm-oil is nine shillings per gallon, will be a little 
more tnan a penny for such a lamp ; but when whale or seed oil, at three 
shillings, or three shillings and sixpence per gallcxi, is substituted for sperm- 
oil, and the solar lamp used, which furnishes light equal to 42 mould cauidles 
of six to the pound, an imperial gallon will bum about 90 hours, and give a 
total amount of light equal to 427 1 candles, each burning one hour. The 
solar lamp with whale or seed oil costs something less than a halfpenny per 
hour. It is generMy admitted that an Argand burner of fifteen holes, con- 
sumes about five cubic feet of gas per hour, and yields light equal to twelve 
mould candles of six to the pound. 

Taking as a standard the amount of li^ht which would be produced bv a 
certain number of wax candles of six to the pound, the relative cost of that 
amount of light from other sources is the following : — 

Waxcandles 100*0 

Sperm oil burned in Argand lamps 49*6 

9 Ill-SDuffed tallow candles 49*6 

Tallow candles rmould) six to the pound .... 36*8 
Whale or seed oil burned in the " overflowing 

shadowless lamp," or the " solar lamp''. . . 23*4 

Coal gas 10*0 

Or, if the cost of wax candles is estimated at one shilling, the eoet of the 
other sources of equal light, will be as follows : — 

Wax 10 

Sperm oil 6 

Ilt-snuffied tallow candles .. . 6 

Tallow candles 4| 

Whale or seed oU 3t 

Coal-gas .....nearly l| 

The following table, showing the* relative intensity and cost of light ob- 
tained from, different sources, was o<»astructed by Mr. Rutter, engineer to the 
Old Bri^rhton Gas Company. The cost of gas is estimated at ten shilliags per 
1000 cubic feet, and the numbers in the third column represent tb,e nuinber of 
cikhic feet of gas which afford as vmch light as the quantities of tbe mftteri« 
ali meatioDtea in the first column^ 
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1. 
Source of light 



1 lb. tallow candles (moulds) . 
1 lb. comiKMitioii candles. . . . 

1 lb. wax candles 

1 gal. whale (solar) oil 

1 gal. sperm oil 



2. 


3. 


4. 




Cubic feet 


Cost of 


Cost. 


of gas. 


gas. 


s. d. 




9, d. 


8 


21 


2i 


1 


26 


3 


2 6 


25 


3 


3 6 


176 


1 9 


9 


217 


2 2 



The table in the following page is a copy of a paper laid before a Commit- 
tee of the House of Commons, by Mr. Hedley, of the Alliance Gas Works, 
Dublin, showing the relative economy of the gas manufactured at different 
places in this kingdom, compared with oandles. The price of one hundred 
pounds of the candles referred to is 3/. 2s. 6d., and that quantity is estimated 
to bum, one at a time, for five thousand seven hundred hours. 
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Canceming the relative economy of coal-gas and oil-gas as sources of light> 
no estimate can be offered of constant application, as the price of oils, from 
the precarious nature of the sources from which they are obtained, is subject 
to considerable fluctuatioD. If the relative cost of light from coal-gas and oil- 
gas is estimated as one for the former to five or six tor the latter, the cost for 
oil-gas is probably under the truth. But the illuminating power of oil-gas is 
far greater than that of coal-gas, taking bulk for bulk. Recently prepared 
oil-gas has occasionally more than three times as much illuminating power 
as coal-gas ; the average is about the proportion of 1 of coal-gas to 2.6 or 2.7 
of oil-gas. The following table, by Drs. Christison and Turner, shows the rel- 
ative ulumiuating powers of these gases at different densities : — 





Density. 


Prqpori 


ion of light. 




A 




-A- 






N 


r 




^ 


Coal-gas. Oil-gcu, 


Coal-gas, 




OH-gas. 


659 


818 


• 100 




140 


578 


910 


100 




225 


605 


1110 


100 




250 


407 


940 


100 




d54 


429 


965 


100 




356 


Mean 535 


948 


100 




265 



Of oil-gas of the specific gravity of 900, an Argand burner, giving a light 
equal to seven mould-candles, consumes a cubic foot and a half per hour. 

§ X.— MODES OF ESTIMATING THE ILLUMINATING POWER AND PU- 
RITY OF LIGHT-GAS. 

The only method of strict accuracy by which the value of an illuminating 
gas may be determined, is by a complete chemical analysis ; but this is an 
operation of extreme delicacy, requiring far more adroimess in minute manip- 
ulation than is possessed by the generality of gas engineers. Results, how- 
ever, of sufficient accuracy for all ordinary purposes, may be readily obtained 
by methods much more easily executed ; namely, 1°, by a photoinetrical ex- 
periment ; 2*, by determining the specific gravity of the gas ; and 3°, by de- 
termining the quantity of oxygen required for the complete combustion of the 
gas, with the amount of carbonic acid produced. The first of these methods 
is the simplest ; and the results it affords, when performed with care, are 
equal in value to those got by the two other methods. 

The photometrical processes which I shall briefly describe are founded up- 
on principles of extreme simplicity. Thoufi^h the eye is unable to jud^e with 
precision of the relative intensity of two lights, yet it can determine with con- 
siderable accuracy when contiguous shadows of an opaque object thrown upon 
a screen by different lights are equally dark, or when two similar adjoinmg 
surfaces are equally illumined, provided the lights are of the same teint. If 
the two lights which produce these effects are equal in intensity, obviously 
their distance from the screen must also be equal ; but if unequal, the most 
intense light is placed farthest from the screen. Now, as the rays of li^ht 
are propagated continually in straight divergent lines, their intensity dimin- 
ishes in the direct proportion of the square of their distance from their source. 
Taking, as a standard, the amount of light on a screen derived from a flame 
at the distance of one foot, then at two feet the light on the screen from the 
same source would be one fourth, at three feet one ninth, and at four feet one 
sixteenth of the standard. Therefore, if two or more sources of li^ht are so 
placed as to cast an equal light on the screen, their relative intensities are di- 
rectly as the square of their distances from the screen. The objection to this 
mode is, that it does not readily admit of a fixed standard of comparison. 

The method of contrasting the shadow of an opaque object formed by di^ 
ferent lights was first employed by Lambert {Pkotometria, 1760), but is com* 
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monly attributed to Count Rumford, by whom it was proposed in the Phil. 
Trans., toL IxxxIy. The apparatus required is extremely simple, consisting 
merely of a smooth perpendicular suriace of uniform color, and a rod for 
throwing the shadow. The two lights which are to be compared are so 
fAaced that, when the rod is interposed between them and the screen, the 
two shadows maybe contiguous ; and, so long as the shadows are of unequal 
depth, one of the lights must be adyanced toward, or retired from, the screen, 
until an equality in depth is procured. Suppose a wax candle at the distance 
of two feet, and a gas jet, at the distance of two feet six inches, to proddce 
equal shadows, then, according to the abore rule, the relative intensity of the 
lights is as 4 to 6.25, or as 1 to 1.5625. 

Similar in principle is the elegant little instrument constructed for the same 
purpose by the late Dr. Ritchie, by which a very correct estimate may be made 
of the relative brightness of two lights, provided they are of the same teint. 
The api>aratus, which is shown in section 
lengthwise in figure 24, consists of a rec- Fiff> M. 

tangular box about two inches square, 
open at both ends, and blackened upcoi its 
inner surface* to absorb extraneous light. 
On the top of the box is a narrow slit 
about one inch long and one eighth of an 
inch broad, covered with tissue or oiled 
paper. Within are placed two rectangular plates, a, b, of plane looking-glass, 
cut from the same piece to ensure uniformity in reflecting power. Their width 
is the same as that of the box, and their length may be equal to the hypoih- 
enuse of a right-angled isosceles triangle, whose side is the height of the box, 
or a little less, as in the above figure. The plates are fastened together so as 
to meet at the top, in the middle of the slit (or in the line of that perpendicu- 
lar), their reflecting surfaces being toward the open ends of the box. In using 
this instrument, it is placed in a straight line between the two lights whose 
intensities are to be compared, so that the light from each source is reflected 
from the respective mirrors to the tissue. The instrument is then moyed 
nearer one or the other light, until, to an eye situated above the box, the two 
portions of the slit which correspond to the respective mirrors appear equally 
illuminated. The squares of the distances of the lights from the vertical c, 
give the proportion of the intensities required. 

A very ingenious and accurate mode of determining when two rays of light 
from different sources have the same intensity, has been proposed by M. 
Arago ; but this method will hardly supersede those just described, at least 
for the use of gas engineers, until -a more simple apparatus is devised for its 
application. The method of M. Arago is founded on the property possessed 
by a ray of' light of dividing itself, when polarized and passed tnrough a 
doubly refracting prism into two rays of the complementary colors, red and 
green. Rays from the two lights which are to be compared are polarized by 
the ordinary means, as transmission through a plate of tourmaline, or reflec- 
tion from glass at the polarizing angle, then received on a plate of rock crys- 
tal, and observed through a doubly-refracting prism. Each light will then 
give two images tinged with red and green. On bringing the images into 
such a position that the red of one light falls over the ^een of the other, if the 
intensities of the two lights are equal, the superposition completely neutrali- 
zes the color, and a white or colorless image is the result ; but if tne intensi- 
ties are unequal, the image is slightly colored with red or green, according as 
the (xie or the other predominates. 

Another mode of estimating the illuminating power of coal-gas is by deter- 
mining its density ; the light afibrded by illuminating gases being in general 
proportioned to their density. The most valuable, constituent of coal-gas, 
namely, olefiant gas, has the density 997 (air as 1000) ; the next in value, li^ht 
carburetted hydrogen, has the density 560 ; and the density of hydrogen, which 
is the principal deteriorating constituent, is 69. Thus far it would seem that 
the illuminating power of coal-gas might be estimated with accuracy by ta- 
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jBBg its density ; but, unfortunately, carbonic oxide and nitrogen, which are 
of no value as sources of light, are heavy gases compared with light carbu- 
retted hydrogen and hydrogen. The density of carbonic oxide is 967, and 
that of nitrogen 970. Hence the estimate thus obtained can not be relied on 
in all cases. The densiiy of the gas may form, nevertheless, a valuable datum 
in the estimate, as appears from the following results of some experiments by 
Mr, Hedley* :— 

Number of candies equal to gas when burned 
DemUy of gas, in a single jet four inches hi^. 

412 > , . < 1-662 

412 J two specimens \ V562 

420 1-645 

424 1-234 



448 
453 
455 
462 
466 
528 



1-453 
1-929 
1*929 
1-777 
1-826 
1-826 



530 2-228 

634 2-295 

639 2-441 

580 3*306 

The late Dr. Henry, whose researches on coal-gas form the subject of me- 
moirs of great interest, considered that the comparative value of the different 
Ught-gases may be accurately determined by the quantify of or^gen required 
for the perfect combustion of equal volumes, and Uie quantity ot carbonic acid 
produced thereby. The larger the proportion of hydrocarbons present, the great- 
er amount of oxygen will be required ; light carburetted hydrogen requires more 
oxygen for combustion than carbonic oxide or hydrogen, and oleiiant gas more 
than light carburetted hydrogen. In fact, both the illuminating powers of the 
different gases, and the amount of oxygen required for their combustion, de- 
pend in a great measure on the proportion of gaseous carbon contained in one 
volume of the gas. If one hundred volumes of one gas require for perfect 
combustion one hundred volumes of oxygen, and one hundred volumes of 
another gas require two hundred volumes of oxygen, the value of the second 
will be double, or a little more than double that of the first, 
. A convenient instrument in which to cause the combination of the gas with 
oxygen is Dr. Ure's Eudiometer, represented in figure 25. It is formed df a 
•tout glass tube about twenty inches in length, 
|ind a quarter of an inch internal diameter, sealed 
^t one end, and doubly bent at the middle. The 
limb with the sealed end is graduated into equal 
parts according to an arbitrary scale. Two pla- 
tinum wires are sealed into the glass near the 
closed end, with their extremities within the 
tube about one tenth of an inch apart On placiag 
one of these wires in communication with the 
knob of a charged Ley den jar, and the other 
with the outside of the jar or the ground by a 
metallic chain, the electric spark passes within 
the tube. In the first place, a mixture of the gas 
to be tested, and pure oxygen, in known propor- 
tions, the oxygen being in excess (say, three vol- 
umes of oxygen to one volume of the gas), is 
made in a ^duated jar at the water-trough. 
Enough of this mixture is transferred to the eu- _ _ , _ 
diometer, previously filled with water .or mercury, to occUpy about two inohet 

i-^i KV f "^"h' **iS.*V^* ®?*()® method of obtaining the dennity of gases, see •• Elements of Cbem 
icai Anaijrus, p. 874 ; and, for more minute datails, coosult Faraday's " Chemical Manipullttion. 
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of the sealed end ; and the amoont of the mixture introduced is careiuIlT ob- 
served, the liquid standing at the same level in both limbs. The moutn of 
the open limb. is now closed with a cork, which is secured by a wire, and the 
electric spark taken through the wires. The gaseous mixture explodes, and 
immediately afterward a contraction is perceived from the condensation of the 
steam formed by the combustion. The fi;as which remains, supposing the 
combustion to be complete, consists of the excess of oxygen, carbonic acid 
formed by the combustion, and the nitrogen in the coal-gas. The liquid ia 
again brought to the same level in both limbs, and the measure of the gas ia 
accurately noted : the carbonic acid eas is next absorbed by agitating the gas 
with a little solution of caustic potash ; for which purpose it is convenient to 
introduce a few fragments of fused potash through the open end of the tube, 
and shake them into the sealed limb. With a slight agitation the whole of 
the carbonic acid is immediately absorbed. The measure of the remaining 
gas being noted, and the closed end of the instrument completelv filled with 
water, by a little dexterity the gas is Drought into the limb with the open end. 
The instrument being inverted (the bend unward), and the open end under 
water at the pneumatic trough, a stick of phosphorus attached to a piece of 
copper wire is introduced into the open limb and brought into contact with the 
gas. The phosphorus soon absorbs the excess of oxygen in the mixture, and 
what remains is the nitrogen of the coal-gas, to determine the amount of which 
it must be returned to the sealed limb. Ttie excess of oxygen, and therefore 
the quantity required for the combustion, is also then ascertained. The results 
obtamed should always be tested by a second similar experiment ; and by a 
third, if any discrepancy is observed in the first two results. 

From the data obtained by such an experiment, that is, the volume of oxy- 
gen employed in the combustion, and the volume of carbonic acid produced, 
a tolerably accurate estimate of the value of illuminating gases may be formed. 
The reason of this will appear on examining the result of the combustion with 
pure oxygen of each of the combustible gases contained in coal-gas : — 

Name ofgM» 100 vols, gas require CotUraciion of the mix- Vols qfeariome 

of oxygen ture after explosion* acid produced. 

Olefiant gas 300 vols. one half 200 

Light carboretted hydrogen... 200 « two thirds 100 

Hydrogen * 50 ** * complete — • 

Carbonic oxyde 60 ** one third 100 

That a relation generally subsists between the amount of oxygen required, 
ind the value of the coal-gas, may be perceived by the table at page 34, show- 
mg the composition of coal-gas evolved at different periods of the distillation. 
See also the table of the composition of oil -gas, page 41. 

For the complete analysis of coal-gas, the process given in the following 
table seems to oe the best we are possessed of, but it is not altogether free 
from objections. The chief source of error lies in the determination of the 
carbonic oxide and hydrogen, for potassium, at a particular temperature, ab- 
sorbs some hydrogen as well as carbonic oxide, but this circumstance does not 
interfere with the estimation of the important constituents of coal-gas. 
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In the preceding method of analyzing coal-gas, the olefiant gas and Tapora 
of hydrocarbon are estimated together as the contraction by chlorine. The 
determination of the hydro-carburetted vapors may be accurately effected, as 
shown by Mr. Faraday, by means of oil of yitriol. That liquid absorbs both 
the vapors and olefiant gas, but the latter not so rapidly as the former ; and 
if the coal-gas is diluted with three or four times its volume of atmon>heric 
air or hydrogen, and jthe mixture kept in the.shade, the absorption of olefiant 
ffas is prevented. Another portion of the gas under examination may be taken 
for the remaining operations. 

As the principal luminiferous constituents of light-gas are olefiant gas and 
the vapors of hydrocarbons, a good approximation to its true value may be 
obtained by determining merely the contraction which the gas experiences 
when mixed with chlonne, neglecting the other operations in the precedin^g 
method of analysis ; and instead of removing th.e excess of chlorine by caustic 
potash at the close of the' experiment, the amount of chlorine absorbed by water 
m similar circumstances may.be noted and deducted from the entire condensa- 
tion. The necessity of carefully excluding the mixture from solar light, arises 
from the property which chlorine possesses of condensing carbonic oxide under 
the influence of solar light and moisture ; but no condensation from the pres- 
ence of carbonic oxide takes place in the dark, or in candle-light. The purity 
of the chlorine employed in this process should be previously ensured by as- 
certaining whether it is absorbed by water, or by a dilute allcaline solution 
without leaving a residue. The chlorine should oe added to the gas so long 
as the volume of the latter diminishes. * 

§ XI. REGULATORS AND METERS. 

The flow of gas from the gasometer for distribution along the pipes is not 
commonly regulated by a stop-cock, but by a water or mercurial valve, which 
is, in fact, merely a small and very delicate gasometer. The water-valve has 
precisely the construction of the ordinary ^someter, excepting being square, 
and the upper part having a vertical partition descending about half way firom 
the covered top to the bottom ; not so far as the surface of water in the cistern, 
except when it is required to cut off the supply of gas entirely. This parti- 
tion IS placed between the entrance and exit pipes, so that, in proportion as the 
weight of the counterpoise is diminished or increased, the partition approaches 
or recedes from the surface of water in the cistern, and of course retards or 
permits the flow of gas from the entrance to the exit pipe. The flow of gas 
IS, therefore, regulated by the weight of the counterpoise. With this smaD 
gasometer is sometimes connected a vertical rod, which carries a black-lead 
pencil made to bear upon a paper cylinder ; the latter rotates on its axis by 
communication with a time-piece. By this contrivance every change of pres- 
sure which may take place during the absence of the observer is shown by the 
aberration of the line ; it is, therefore, a pressure register. 

A sufiKciently precise idea of the construction of the mercurial valve may 
be formed by the consideration of fig. 26. In this apparatus the cistern is the 

moveable part to regulate the flow, the upper part be- 
^' ^' ing fixed ; « and b represent the two gas-pipes termi- 

nating in a rectangular iron vessel c, open at bottom, 
which dips into the cistern d, containing mercury up to 
the level e. By means of a screw workmg against the 
bottom of the cistern, the latter is nused or lowered 
so as to bring the surface of mercury nearer to, or to 
draw it further from, the vertical partition/, by which 
the flow of gas is impeded or retarded at pleasure. 
The screw may be turned by an index working over a 
graduated circle, by which the exact size of the open- 
ing between the bottom of the partition and the sur- 
face of mercury may be indicated. 
In large gas-works a regulator of a more complicated cdnstraction is made 
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UM of, 90 coDtriTed as to preeeire at all times a giyen rapidity in (he ]xisBBge 
of gas, howerer flactnating the preBEUre of the gasometer. The principle of 
the action of this insirumeDt, different modificatioaa of which aie made uiie 
of, may be understood by reference to Bgure 
27. It consists of a rectangular cistern con- Fis- "- 

taining water up to the level a a; i is (he 
part which aaswers to the ^s-holder of the 
ordiikary ^someter, sustained at any re- 
quired height by chains working over the 
pnlleya c c, and beariu^ the counterpoise i. 
The gas enters by the pipe e, and passes out 
't/- Within the entrance-pipe, which is 
iContracted ai top, is suspmded Dy the chain 
g, a cooe h, the base of which ia a little 
wider than the aperture at the top vS the 
pipe. Whenever the pressure on the gas- 
ometer is increased, the weight of the coim- 
terpoise d remaining the »ame, (be vessel b 
rises, lifts the cone, and contracts the aper- 
ture through which the gas enters. By 
properly adjusting the length of the chain 
g, the flow may be at aU times equally 
maintained, having been first adjusted by 
the coimterpoiBes. The pressure in the gas- 
ometer may be ascertained and registered as 
in the common water-valves. 

Platow's " gas moderator" is an ingenious 
iliBtrument for preserving a miiform flow of 
gas on the small scale. The extremity of 
uie lube which supplies the gas is immedi- 
ately opposed by a disc, which is cotmected 

with a spring and ciank in such a manner that when the former would be 
driven from the extremity of the gas-pipe by an increased flow of gas, if not 
subject to the action of the spring, the latter causes the disc to approach the 
lube, and therefore offer an impediment to the flow of the gas. These parts 
of the moderator are enclosed in an air-tight cylinder hardly exceeding two or 
three inches in length, from (be top of which issues the gas delivery-tube. 

The consumers of light-gas in London, and many other places, are now 
generallv required by the respective gas companies to bum the gas by meas- 
ure. The principle of the action of the ordmary gas meter, or apparatus for 
measuring the quantity of gas which passes through a pipe, may be tuiderstood 
widi the assistance of figure 28, which represents a section of the working 

?irt of the apparatus perpendicular to its axis, 
his part consists of a cyundrical case a, within Tig. n. 

which revolves a shorter cylinder b, shut at both 
ends, and divided into four compartments by the 
partitions c, d, e,f. Each compartment commu- 
nicates with the exterior vessel by slits on the 
periphery of the cylinder. The size of the diam- 
eter of the cylinuer of a meter to supply five,' 
lights is about thirteen inches. About two thirds 
of the cylinder revolve in water, and the gas en- 
ters (he space above by the elbow tube g, which 
enters at the axis, and terminates immediately 
above the surface of the water. As the gas en- 
Wn, and exerts a pressure against the partition c, 
it causes the cylinder to revolve on its axis from 

lef^ to tight ; and, when the slit h gets above the stirface of the water, the 
ma in that compartment escapes into the exterior cylinder, whence it is !»»• 
oncted away by a tube not shown in the figure. Ctamected with tbe opp6* 



60 GAS ILLUMINATION. 

gite end of the axis of the cylinder is an endless screw, which moves a toothed 
wheel attached to an upright shaft, and the latter communicates with the 
dial-work of the registers, hy which the numher of cubic feet of gas which 
pass through the apparatus m a given time can be read off.* 

Clegg's ''patent dry ^s meter'" is an ingenious apparatus, intended to show 
the quantity of gas which passes through it, by measuring the temperature 
of a little brass cylinder heated by an inflamed jet of the gas. The jet pro- 
ceeds from the side of a small brass knob about an inch and a half long ; the 
upper part of which is without the meter. The bottom of this knob, within 
the meter, is connected at right angles with a hollow brass case, called the 
heater, about two inches long, and half an inch broad. The ^s enters the 
meter ai a prolongation of one extremity of the heater ; a mmute quantity 
passes up the knob, and out at the jet, but the bulk of the gas escapes from 
the heater downward into the body of the meter by three descending tubes, 
each about three quarters of an inch in length. By its passage through the 
heater and the three descending tubes, the ^s becomes heated ; a measure 
of its temperature would, therefore, other circumstances being equal, be a 
measure ot the intensity of the combustion in the small flame issuing from the 
knob at top. 

The manner in which the temperature i^ measured and the registration ef- 
fected, may be understood by reference to fig. 29 ; a is the cone, the dot in 
which represents the aperture through which the jet of gas issues ; b is the 
heater in cross-section ; c one of the tubes descending from the heater, by 
Fip. 29. which the gas enters the body of the meter; d 

is a glass instrument similarly constructed to the 
differential thermometer of Leslie ; but e and/, 
instead of being two round bulbs, are two cyl- 
inders of three inches in length. This ther- 
mometer, the cylinders of which are half-filled 
with alcohol and exhausted of air, is made to 
vibrate by the rod g on the centre h, and is bal- 
anced by the weight t. Supposing the appara- 
tus in action, and the thermometer placed as in 
the figure, the heated gas descends through the 
three tubes, of which c is one, and impinges on 
the top surface of the cylinder/. The vapor of 
alcohol in this cylinder is immediately expand- 
ed, and drives the liquid into the cylinder e ; the 
latter soon becomes the heavier, and descends 
until it lies immediately under the ti^e c, when it becomes heated in its 
turn and again rises. A pendulous motion is thus kept up so long as the gas 
flows, and the jet in the knob continues burning ; and each vibration, being 
communicated to a train of wheel-work, is registered in the ordinary manner. 
The number of vibrations in a given time corresponds with the intensity of 
combustion in the small iet of flame from the knob, which is nearly, thou£^h 
not exactly, proportional to the quantity of gas which passes through the 
meter. 

Cast-iron hoods, not represented in the figure, project over the upper glass 
cvlinder on each side, which serve to carry off any superfluous caloric, so that 
tne 'temperature of the heater and that ol the hood which surmounts the top 
glass cylinder may bear the same relative proportion to each other, whatever 
the temperature of the external atmosphere. A meter of this construction, 

* Considerable sensation has been lately excited among the gas consumers of the metropolis, in 
consequence of the allegations contained in a pamphlet on gas meters, by Mr. H. Flower, in wUch 
the authbr proves that the registry of the ordinary gas meter is subject to an excess over the ac- 
tual amount of gas transmitted amounting to from eight to thirty per cent. The chief source of 
error seems to consist in the want of a proper adjustment of the surface of the water. An undue 
quantity of water in a meter, according to Mr. Flower, will make an excess of about twenty per - 
cent, in the amount registered over the quantity actually consumed. In Edge's " improved gas 
meter," an excess of water is prevented by having an open tube or waste-pipe leading from the 
proper surface of the water downward into a close cistern, or waste-water box^ from which it is 
wiukdrawn when requisite, by an opening at bottom. 
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of about five inches in diameter and four inches deep, is said to be sufficiently 
large to measure gas for six burners, and is called ** a six-light meter." Nei- 
ther the temperature nor i)ressure of gas from the main affects the indications 
of this meter ; it works without membranes or valyes, and without interfer- 
ing with the steadiness of the light ; it is cheaper, than the common gas-me- 
ter, and is not subject to the great irregularities of the latter from variations 
in the water-line. But, unfortunately for the accuracy of the registrations of 
this instrument, the temperature of a gas^flame is not proportionsil to its light : 
as a measurer of the temperature of the flame, and also of the light of a 
gas-flame if ^s of the same quality is always used, it might probably be 
made to afibrd very accurate indications, but there is reason to doubt its accu- 
racy as a measurer of the light of gas of varying quality. Taking the average, 
however, of a periodical consumption, it may probably be made as accurate as 
most other meters. 

A modification of the ordinary meter has been contrived by Mr. Lowe, by 
which all pressure of the gasometer may be dispensed with. The chief pe- 
culiarity in its construction is, that it possesses the action both of a suction- 
pump and a forcing-pump ; by the former it draws the gas from the service- 
mdin, without assistance from the gasometer, and by the latter it emits the 
gas for combustion. In the place of the water in which the drum of the 
common meter revolves, a solution of caustic alkali is substituted, which does 
not freeze as readily as water, and, moreover, serves to separate from the gas 
any sulphuretted hydrogen, carbonic acid, and sulphurous acid yet remaining. 

A large meter, called the station meter, is placed at the gas-works between 
the purifier and the gasometers, to ascertain at pleasure the quantity of gas 
made during any given period, so that the weekly, monthly, and annual pro- 
duction can be compared with the quantities registered by the meters of the 
consumers. 



Navhthalized Gas. — ^One of the most important of the late improyements in 
gus illumination is Mr. Lowe's process for naphthalizing gas, or for impregna- 
ting ordinary coal-gas with the vapor of naphtha (pages 24 and 38 ) almost 
immediately before it issues from the burner. To effect this, the coal-gas is 
passed either through some porous substance, as sponge or puij^ce-stone satu- 
rated with naphtha, or else over surfaces of that liquid contamed in shallow 
trays. For the first method a rectangular box is employed, called the naphf 
tha-boxj made of tm-plate or other suitable material, divided into two com- 
partments by a vertical partition in the middle, but which does not quite reach 
to the bottom of the box. Each compartment contains a series of shelves 
formed of wire gratings, on which are placed strata of sponge or pumice- 
stone saturated with naphtha. The gas enters the box hj an opening in the 
end at top, passes down through the several shelves oi one compartment, 
then under the partition and ^p through the shelves of the other compart 
ment, escaping from the box through an opening corresponding to that at which 
it entered. . 

The apparatus employed to saturate the gas with vapor, hj passing it oyer 
surfaces of the liquia, is equally simple. A rectangular box is fitted up with 
five or six shallow trays to contain the naphtha, placed one over the other. 
Near the end of each trav is a slit or aperture extending across the whole 
breadth of the tray, and furnished with sides rising to about' half the depth 
of the tray. These apertures, which are placed aUemately at opposite ends 
of contiguous trays, answer the purpose of waste-pipes to conduct the naph- 
tha from one tray to that next below it, when the liquid in the former rises 
higher than the side of the opening. The naphtha is poured by a funnel into 
the uppermost tray, which it fills to the top of the waste aperture, and then, 
fidling into the trays below, fills them also in succession. When the naph- 
tha issues from a small stop-cock at the bottom of the box, a sufficient quan- 
tity has been introduced. The gas enters the box at bottom from the meter, 
and, passing upward through the several apertures, is exposed to the sorftce 
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of the naDhtlia in each tray successiTely. By the time it reaches the top. it m 
thorooffhly saturated with the vapor, and is then emitted for comhnsticm. 

Thelatter plan is more convenient than the former in one respect, namely, 
that it does not require so frequent replenishing with naphtha. A thousand 
cubic feet of gas absorbs about a gallon of napntha. 

The increase in the illuminating power of coal-gas, by beinff impregnated 
with naphtha is very considerable. A jet of hydrogen gas, which bums, when 

Eure, with a pale blue flame hardly visible in the direct solar rays, gives a 
rilliant flame if the gas is passed through naphtha previous to being ignited. 
A good flame may be obtained even by impregnating common air, moderately 
warm (as the breath), with naphtha vai>or. It has been estimated that one 
thousand cubic feet of naphthalized gas is equal in illuminating power to two 
thousand feet of common gas. If such is the case, the saving in this process 
amounts to twenty-five per cent., taking the cost of a thousand feet of gas at 

nine shillings. The expense of the naphthalized gas is — 

«. d. 

1000 cubic feet of gas. . . .' 9 

1 gal. of naphtha 3 6 

License for using the process per lyOOO feet 1 

Cost of naphthalized gas equal to 2,000 feet of common gas 13 6 

Saving 4*. 6d., or 25 per cent. 

But it is doubtful whether the illuminating power of the gas is so much as 
doubled ; according to another estimate, which seems nearer the truth, the 
saving is about 15 per cent., reckoning the common gas to be burned in the 
most advantageous manner. 

The naphthalizing box, of the construction first described, is made subser- 
yient to the separation of any traces of sulphuretted hydrogen and carbonie 
acid which may have eccaped the ordinary purifying processes. To this end 
the sponge or pumice-stone in the first compartment through which the gas 
passes is saturated with caustic potash, or caustic soda ; the shelves of the 
other compartment containing napntha as usual. The small quantity of am* 
moniacal gas, which coal-gas purified in the ordinary manner generally con^ 
tains, not only deteriorates slightly the illuminating power of the gas, but is 
injurious to the pipes. To separate this, a third compartment is given to the 
naphthalizing box ; the porous material on the shelves of which contains di- 
lute sulphuric, muriatic, or other suitable acid. The metallic partitions and 
sides of the box may be protected from the acid by a covering of a mixture of 
bees-wax and tallow. In a box of three coidpartments, the first may contain 
sulphuric acid, the second caustic soda, and the third naphtha. 



As the tar produced in the distillation of coal may be regarded as a kind of 
iatennediate product in the conyersion of coal into gas, its formation is at- 
tended, therefore, with the loss of a proportion of gas. Many contrivances 
have been suggested to reduce the amount of the prcMUCt of tar, or to conrert 
the tar into gas, by exposing the mixture as it issues from the retort to the 
fimher action of heat. In 1835, Mr. John Malam, of Hull, obtained a patent 
for the use of a seoond retort, or ** regenerator," as termed by the patentee^ 
into which the gas and tar yapor are passed before being conducted into the 
hydraulic main. The regenerator is a cylindrical yessel, like a retort, but 
oomposed of two tubes, one within the other, furnished with mouth-pieces, 
and arranged as a retort. The mixture of gas and vapors passes from the re- 
tort by a tube into the interior tube of the regenerator through a prolcm^tion 
or mouth-piece at one end, passes into the other end of Ae tube, which is 
open, and then escapes into the outer cylinder. Afler having trayersed the 
whole length of the latter, heated to redness, it is conducted to the hydraulic 



The quantity (ji tar obtained when the process is thus conducted is said to 
be oniy one tburd of the ordinary product ; the ummmtg two thirds bmg 
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conTerted into f;as. According to some experiments by Mr. Peck8tan» the 
average production of gas, when Mr. Malam^s regenerator is made use of, is 
12,500 cubic feet per ton of coals. The quality of the gas is not deteriorated, 
as might at first be supposed, but is improyea ; the average specific gravity 
of the gas obtained by Mr. Peckston being 569. It is stated that ^e quantity 
of coal required for charging the retorts, and also of fuel for heating them, 
may be reduced 25 per cent. The Marquis Montaubon, and Messrs. Low.e 
and Kirkham, have also obtained patents for apparatus by which the greater 
portion of the tar is converted into gas, similar in principle to Mr. Malam's 
regenerator. 

[For some valuable suggestions which the Editor has received in this arti- 
e, he is greatly indebted to Mr. John Leigh, of Manchester, the chemical 
director of the gas-works of that town.] 



PRESERVATION OF WOOD. 

i I. Properties and Composition of Wood.— II. Nature and Causes of Decaf of Wood.— HI. Pra- 
senrative Materials.— IV. Modes of Applying PreservatiTe Materials.— V, Other Effects of the 
Impregnation of Foreign Substances. 

The changes to which wood is liable under certain circumstances, known 
as rot and decay, are strictly chemical changes, and can only be properly un- 
derstood and guarded against by their chemical investigation. 

When wood is exposed to the simultaneous influence of water and air, it 
often loses all its tenacity, becoming i)ulverulent and at the same time darker 
in color. K a piece of wood is examined which has lain for some time in a 
damp situation, its surface being partially protected by paint or varnish, it is 
found that the parts which are unprotected have become corroded, soft to the 
touch, and proMibly, in great part, detached from the mass. For some time 
after the decay is commenced, the protected parts remain sound ; but, if the 
decayed portions are not removed, the entire piece becomes at len^h .con- 
Terted into a brown mass, which falls to a coarse powder when touched. 

The decomposition of woody fibre may take place in at least two condi- 
tions, namely, in the moist state subject to the tree access of air, and under 
the surface of water, where the air obtains access only by bein|^ dissolved in 
the water ; the products of the decomposition in the two conditions are dif- 
ferent. When tne access of air is limited, the decayed part does not acquire 
a brown color, but becomes myish-white, and a matter sdubie in water is 
produced during the decay, the nature of which has not been minutely inve»- 
tigated. 

If the wood is freely exposed to the air, it may suffer another kind of de- 
composition, known as the dty^otj ^j which it is rendered brittle, and has 
its cohesion completely destroyed* If absolutely dry, the wood is not sabjeet 
to. this disease, but it is capable of absorbing sufficient moisture from the air 
to eoBtinue the decomposition when once commenced. In damp and ill-ven- 
tilated situations the dry-rot produces the most serious damage, causing the 
destruction, in a few years, of entire buildings and ships. But though favored 
by a close and damp atmosphere, it may oeour where the ventilation is per- 
fect and the atmosphere in its usual state of humidity. 

Dry-rot has been commonly attributed to the attacks of fungi ; the disinte- 
gration being effected partly by the introduction of their filamentous spawn 
between the woody fibres, and partly by the moisture they are the means of 
conveying to the interior of the wood. In most cases of dry-rot, fungi are 
certainly present, but often not till some time after the commencement of the 
disease ; m a few cases, however, f^gi never make their appearance. Al- 
though, therefore, they may be intimately concerned in the rapid propagation 
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of the disease when once commenced, they do not appear to be its original 
cause. 

That the decay of wood, once dried, is in all cases produced by an exter- 
nal cause, is eyident from the circumstance that if the surface of the dried 
wood is completely corered with a varnish impermeable to the air, decompo> 
sition is effectually prevented. Under the surface* of water, if putrefying or- 
ganic matter is absent, wood seems also to be able to resist aecomposition 
for an indefinite time, and in dry air it may be kept for thousands of years 
without undergoing any sensible change. 

In order to examine minutely into the means of guarding against the decay 
of wood, it will be found convenient to consider, in the first place, the char- 
acters and composition of wood in a healthy state, and afterward, the chem- 
ical changes which take place in the processes of decay. 

§ I. PROPERTIES AND COMPOSITION OF WOOD. 

The function of the woody tissue of plants, in a physiological point of view, 
is to support the various deciduous organs for digestion, respiration, &c., being 
in this respect similar to that of bones in animus ; to receive certain secre- 
tions, and to contain the sustenance necessary for the newly-forming parts be- 
fore a more direct communication is established between them and the soil. 
Though perfectly homogeneous to the naked eye, woody tissue is perceived, 
when examined by the microscope, to be composed of long, thin, transparent, 
tough, membranous tubes, which seem to be originally derived, like all other 
solid parts of plants, from a simple rounded cell. Woody tissue, though the 
chief and essential, is not the only constituent of wood or timber. Interspersed 
between the tubes which form the woody tissue, is the cellular tissue, which 
consists of cells or cavities closed on all sides, formed of a delicate and usually 
transparent membrane. Cellular tissue is more abundant in herbs than in 
trees, and decreases in proportion as the plant attains maturity. In exogenous 
trees it forms perpendicular plates radiatmg from the pith, as a centre, to the 
bark. 

The cross section of a first year's stem of an exoeen (to which class belong al- 
most all trees producing woods employed for mechanical purposes in this coun- 
try) presents, lo, in the centre, pith, composed of cellular tissue ; 29, around the 
pith a layer composed principally of woody tissue ; 3°, around the woody tis- 
sue a layer of bark (composed oi several similar layers) ; and, lastly, 4^, from 
the pith to the exterior of the wood lines of cellular tissues, which are sections 
of tne radiating plates above referred to, distinguished as medullary rays, me- 
dullary prbcesses, or medullary plates. These are often imperceptible by the 
naked eye, but always present. 

At the commencement of the second year's growth, a spontaneous separation 
of the layer of wood and the innermost layer of the bark or liber takes place, 
and the intervening space becomes occupied with a viscid gelatinous liquid, 
known as the cambium* In this liquid are deposited elongated cells or tubes, 
which form the woody tissue of another layer of wood immediately surround- 
ing the first year's layer, and the principal part of the cellular tissue that con- 
nected the wood and the liber becomes arranged in perpendicular plates, 
forming continuations of the medullary rays of the first year. This second 
year's layer of wood is quite similar to that formed in the first year, to which 
It is firmly attached. The increase of wood goes on in this manner, circle around 
circle, or rather zone upon zone, each year ; so that, with young trees, where 
the line of distinction between the several layers is easUy perceived, the age 
of the tree may be estimated by the number of layers. Besides the external 
ring of wood, there is also formed yearly an internal ring of bark (liber), which 
at length becomes the external ring, those rings previously exterior to it hav- 
ing decayed as the stem increases in diameter. The name of the class of trees 
having this manner of growth, or exogens, has reference to the external aug- 
mentations of woody matter ; unlike erulogens, in which the wood is formed by 
successive augmentations from the interior. 
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The length of the medullary plates varies from a quarter of an inch or less, 
ms in the sycamore and maple, to several inches, as in the oak. When viewed 
by the microscope with a low power, they present a granular appearance ; but 
with a high power, a cellular structure similar to that of the pith is percepti- 
ble. The light and glossy appearance of polished vertical pieces of several 
kinds of wood, known among carpenters by the term silver-grain, or flower of 
wood, is produced bv the exposure of the medullary plates. 

The tubes which form the woody tissue vary in diameter from grdh^ff ^^ jhi 
part of an inch. They taper acutely at each end, and do not appear to have 
any direct communication with each other ; no pores are perceptible in their 
sides. They are very tough, and usually cylindrical, but have sometimes been 
observed in a prismatic form. 

The reason why the yearly increments of woody matter in exogens are de- 
fined (they being in juxtaposition and composed of a similar structure), is, that 
the woody tissue formed toward the close of the growing season is denser and 
more compact than that formed at the commencement. If, however, through 
an equable climate, or any other cause, the tissue formed at the close of the 
season is quite similar to that formed at the commencement, no distinction 
between the yearly increments will be perceptible ; in the wood of tropical 
countries, the absence of concentric circles is a very frequent occurrence. 

In trees of less than eight or ten years old, there is usually no perceptible 
difference (excepting the lines of demarcation) between the several layers of 
woody tissue ; but, after the lapse of ten or twelve years, the two or three in- 
terior layers become considerably hardened, and pass into the state of timber 
properly so called. The interior hardened layers are distinguished as the 
duramen and heartwood, and the softer exterior layers as the alburnum and 
sapwood. 

The sides of the tubes of the woody tissue forming the alburnum are very 
thin, and hardly any solid matter is contained in the interior of the lubes, but 
merely sap ; the alburnum being the principal channel through which the sap 
is conveyed from the roots to the leaves. The alburnum is always lighter in 
color than the duramen, and, having little solidity and power of adhesion, is 
readily susceptible of disintegration and decomposition ; on which account it 
is always separated from the heartwood when the timber j^ worked up. The 
superior hardness and durabilitv of the heartwood is owing to the thickening 
of the sides of the tubes by the deposition of various solid matters ; as the 
debris of disintegrated tubes and cells, and resins, insoluble compounds of 
tannin with matters derived from the sap, coloring matters, &c., which im- 
part peculiar characters to different species of woods * the sapwood has nearly 
the same appearance in all trees. 

In some trees, as oak and teak, the conversion of sapwood into heartwood 
takes place rapidly ; in others, as poplar and willow, very slowly, or not at all. 
The wood of the latter class of trees (which are teclinically called white- 
wooded) never acquires the durability of that of the former, and is unfit for 
any but temporary uses. 

After the formation of heartwood is once commenced, the number of layers 
of sapwood usually continues the same at all stages of the growth of the tree ; 
eonsequently a layer of heartwood is produced annually. The heartwood 
itself is not of the same density throughout ; its interior layers gradually attain 
ft maximum density, which is acquired by the other layers in yearly succes- 
sion. After having remained for some time at the maximum density, the in- 
terior layers seem to lose their vitality, becoming lighter in color, softer, 
weaker, and readily altered by the action of decomposing agents.* 

* A difference of opinion has exiated«amon( botanists concerning: the origin of woody tlssiisa. 
According to the theory of Du Petit Thouars, as modified by Lindley and others, wood may be con- 
sidered as the rooU of the leayes and bnds which are sent downward through the cambium, and at 
langth reach the Extreme roots of the tree. By their close lateral adherence they form a layer 
wliich entirely surrounds the wood of the preceding year, and becomes itself a component nart of 
the new wood. Consistently with this theorr, the amount of wood Is generally observed to b« 
Moportional to the amount of buds ; and, if the leaves and branches which grow on one side of a 
me are more vigorous than on the other (as may happen from exposure to more light and 
teat), tba thickness of the layext of wo«d is greater on the side with rigorous loaves •n4 hraachM 

5 
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Soeh is the 8tructiir« and manner of growth of exogena. With referaice 
to the growth of Uie other great class of trees, endogens, which inclades palma, 
bamboos, grasses, &c., it will be sufheient for our purpose merely to mention 
that it is essentially different from that of exogens, the new woody matter 
being first deYeloped toward the centre of the trunk ; whence the name of the 
class. Endog^ns are not possessed of a well-defined cylindrical column of 
pith, nor of medullary rays : the densest part of their section is near the sur- 
face, instead of being near the centre, as m the heart wood of exiwens. 

Wood is unfit to be used for building in the state in which it is felled. The 
tissues, being then distended with sap^ experience a contraction when the 
water in the sap evaporates : and, if the recently-felled wood is placed in a 
confined situation, the humid nitrogenized matter in the sap rapidly decom- 
poses, and induces the decomposition or decay of the wood. 

To avoid these inconveniences, the wood, before being worked up, is care-' 
fully dried or ^' seasoned," by which it is reduced in bulk across the grain, and 
the nitrogenized matter of the sap is rendered less susceptible of decomposi- 
tion. The ordinary process of seasoning wood consists in merely exposing it 
to a free current of air, the wood being either in the form of planes or logs, or 
in smaller pieces of about the sizes and forms to which thejr will afterward 
be reduced. If the pieces are thin, twelve months* exposure m a dry situation 
with a free current of air will complete their desiccation to the extent required ; 
but thick pieces often require several years. In general, the closer the grain, 
the lonffer is the time required ; thus a larse piece of oak is not thcnroughly 
seasoned in less than eight or ten years. Tne exposure ought to be continued 
until the wood ceases to lose weight from evaporation, but this would require 
twice the period usually allowed for the process. 

The seasoning of wood is said to be effected better and more rapidly by pre- 
viously washing out or diluting the sap, which may be accomplished by ex- 
posing the wood for some wee^s to running water, or by boiling the wood in 
water. A quantity of the soluble matter m the sap is brought to the surface 
when the wood is exposed to the action of steam, as in the operation for &- 
cilitating the bending of oak and other timbers fot ship-building, &c. 

A patent for an improved method of seasoning timber was obtained in 1835 
by Mr. J. Langton,^or Lincolnshire, which consists in drying the wood in a 
vacuum, or in a highly-rarefied atmosphere. The timbers are placed 
vertically in an air-tight cast-iron cylinder connected with an exhausting- 
pump, and, when exhausted of its air, the cylinder is heated by means of a 
vapor-bath. The moisture given off from the wood is condmsed in an air- 
tignt refrigerat<»r, so as to prevent its reabsorntion. 

The amount of contraction which takes place through desiccation is very 
different in different woods, being usually greatest in soft woods. In teak- 
wood the contraction is scarcely perceptible ; in some soft woods it amounts 
to half an inch in the foot. 

The entire proportion of water in ffreen woods varies from 38 to 45 per cent., 
according to the species and age of the wood ; but the whole of the water can 
not be removed by drying in the air at common temperatures, however long 
the defecation may be continued. Woods from the mulberry-tree, hazel-tree, 
and linden-tree, cut from branches of mean size at the close of autunm, de- 
creased in weieht in six months in the following proportioss : mulberry, 86 
per cent. ; hazel, 33 per cent ; and linden, 40 per cent. After being dried during 
twelve months, wood generally retains from one fifth to one fourth of its weigirt 
of water. A beam oi oak-wood, kept for a century in a dry sLtuation, 



than on the other. When the growth of the branches fe eqoal on all sides, the thickness of the 
layers of wood is also usually equal all around. But leaves are not the oaIj agents bf which the 
woody tiTCtie is developed, for many parts of plants, and «ome whole orders (as cactacett), posseae 
iw leaves, and yet deveiop woody tissue. It has also been proved, by Pr. Laakester, that ti»e« 
ftem the sitnms <n which w» barit Is removed at the spring or the year, will preseat new woodtar 
llssQe between the baik bjmI wood vt the end of the rar. Other circumstances may aJae be «£• 
ittcei in opposition te the tlwory which supposes baas to be the only agents concerned in the pre- 
#n(!tton of wood. The recent researdies of Dr. Sehleiden go fkr to prove that the original caU% 
wldch beeevse elongated into tulbes forming woo<!^ tissue, are developed in the same manner «■ 
<he cells of the cellulaf tissue : tliat is, «s excrescences npceeding fiem paiticlas (citofateslalia 
fl»aMesef«nterterly-fbfned«eDs r^- — -. r~ 
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found by Count Rumford to lose 9 per cent, of its weight when dried at a luffh 
temperature. According to M. Eiusten^ oak-shaYings perfectly desiccated m 
the air lose 10*3 per cent, of water when heated at 2l2f* ; but even at that 
temperature they retain a sensible quantity of water capable of being expeUed 
at higher temperatures. The woods of the willow and birch, in a state of 
fine powder, and freed from sap by digestion in boiling water, retain 14*5 per 
cent, of water after desiccation in the air, for the expulsion of the whole of which 
the wood must be heated gradually to a temperature near 310° Fahr. (Prout) 

When wood, rendered perfectly dry by the aid of heat, is exposed at com* 
£ion temperatures to the atmosphere in its ordinary state of humidity, it re- 
absorbs a certain proportion of water, varying according to the compactneu 
of the wood and to the quantity of deliquescent saline matters present In a 
dry room without a fire, the quantity absorbed usually amounts to about 10 
* per cent. If covered with a resinous varnish, dry wood does not absorb atmo* 
spheric humidity. 

In its ordinary «tate, wood is a conductor of electricity, from the presence 
of saline solutions ; when rendered perfectly dry by the aid of heat, it is a non- 
conductor, but its conducting power returns upon the absorption of moistuffe* 
which takes place on re-exposure to the air. 

Although nearly all kinds of wood float on water, yet the density of the trot 
woody fibre is considerably greater than that of water. The apparent lights 
ness of wood is owing to the presence of a large quantity of air in the pores 
of the wood, which is not displaced by water at common atmospheric pressure 
without a very long digestion. But if a piece of wood is placed on water in 
the receiver of an air-pump, and a vacuum made, as the air in the pores of the 
wood is withdrawn, water enters the pores, and the wood sinks. 

According to Count Rumford, the specific ^vity of the true woody fibre is 

much the same for all kinds of woods, varymg only between 1*46, which is 

that of fir and maple, and 1*53, which is that of oak and beech. The specific 

pmYity of the different kinds of woods in their ordinary state must therefore 

mdicate their porositv, or the proportion oi air within their pores. To take 

the specific gravity or wood in water for this purpose, the absorption of water 

by the wood should be prevented by applying to the sur&ce of the wood a 

resinous varnish of the same density as water, which may be obtained by a 

mixture in certain proportions of wax and resin.* The first colunm in the 

following table exhibits the specific gravity of different woods as adopted by 

the Annuaire du Bureau des Longitudes; the second colunm contains the 

results obtained by M. Earmarsch : — 

^ I. n. 

B«... W2 

Plum-tree 872 

Hawthorn 871 

Beech. W^ 

Ash 845 670 

Yew 807 744 

Ehn.'....* .' 800 668 

Birch... '^ 

Apple 733 734 

Pear • — 732 

Toke-eim 728 

Orange-tree 705 -— - 

Wabiat-tree — *«' 

Pise 657 788 

Mai^ •*• 

Liadea-tiee 604 569 

• Cypress... ••• ^^8 — 

Cedar Wl 

EorM-ehestnat 5*1 

Aider ••• — W8 

WUtepoplar Sg -— 

ConuBon poplar ••••* ^^ "»' 

Cork....... ^ 

• TIM fptdic fiavltr of wu it §.167, sad thtt of iMlB 1.07a 
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The same kind of wood Taries considemblr in dcftfitr aceotding to the 
soil on which the tree is grown, the climate, tne ue of the wood, kdA other 
circumstances. Accordinff to Rumfoid, the specific grayity of a piece of 
wood taken from the tnink of an oak in active ffrowth is 961 ; that of billets 
of oak, cut and dried for a few years, is 883 ; that of a beam of oak, cut for 
at least six hundred years, was found to be 682 ; and that of the same wood 
when comi^tely desiccated, 610. 

Several exotic'woods are considerably heavier than those kinds grown in Eu- 
rope : the wood of the ^uaiacum officinale, for example, possesses the specific 
gravity 1263 ; the specific gravity of ebony is 1213. Probably the heaviest 
of all woods is that known by the name of the iron-bark wood, brought from 
New South Wales, the density of which is 1426. Its strength, compared with 
the English oak, was found by Mr. Holtzapfiel to be as 1557 is to 1000. The 
lightest of true woods known in this country is the Cortica, or Anona palus'* 
tris, the density of wliich, according to Mr. Holtzapfiel, is only 206. This 
wood resembles ash in color ; but is paler, finer, and softer. 

From three to six per cent, of exsiccated wood is composed of solid mat- 
* ters derived from the evaporation of the sap, in which they were previously 
contained in a state of solution. These consist partly of saline matters, the 
proportion of which varies in <lifierent woods from two parts in a thousand to 
two per cent. But by far the principal part of the residue of the evaporation 
of the sap is a substance termed vegetable albumen, which closely resembles 
ammal albumen (white of egg) both in properties and composition. It con- 
tains nitrogen, and, like animal albumen, is exceedingly prone to decompo- 
sition. The use of this' substance in the livinff plant is to lubricate the sides of 
the various vessels, being the same as that of the mucous membrane of animals. 
It will be seen in 'another part of this article that the decay of woody fibre is 

Senerally an induced efiect of contact with vegetable albumen in a state of 
ecompositioQ. Difiereni woods vary very considerably in the proportion of 
albumen which they contain. 

It has been lately shown, by M. Hartig, that a considerable quantity of 
9tarch is deposited in the interior of the vessels of the wood, which is capable 
of being extracted by mechanical means. The. proportion of starch is said 
to be greatest in the winter season. To procure starch from this source, it is 
recommended to reduce to powder the dried shavings of green wood, and to 
rub the powder with a quantity of water. After standing for five or ten min- 
utes, the ligneous powder may be separated by decanting the liquid, from 
which the starch is gradually deposited. Like all other varieties of starch, 
this substance is colored intensely blue by iodine, and, when examined by the 
microscope, is perceived to be composed of spherical granules. The taste of 
its solution in warm water is slightly astringent. 

By digesting the sa wings of wood or the fibre of lint and cotton, succes- 
sively in ether, alcohol, water, a diluted acid, and a diluted caustic alkali, so 
as to separate all the matters soluble in these liquids, without continuing the 
action of the acid and alkali so Ions as to alter essentially the constitution of 
the wood, there remains behind a white, spongy, pulverulent substance, which 
is the basis of the wood, or lignin, constituting from 95 to 97 per cent, of all 
kinds of desiccated wood. 

Lignin is possessed of certain physical and chemical properties, which am- 
ply distinguish it from every other vegetable principle. These properties are 
always the same, if the lignin is prepared as above, however p[reat the diffei^ 
ence which ma}r exist between the plants, or parts of plants, from which it is 
prepared. White unsized paper, digested in dilute hydrochloric acid to re- 
move the earthy matters wnich it contains, and then washed with distilled 
water, affords a very pure form of lignin. 

In a state of purity, lignin possesses the following properties : — 

It is white, tasteless, and modorous, and presents, when examined by the 
microscope, a cellular or tubular structure. It is considerably heavier than 
water, but usually floats on that liquid in consequence of containing air im- 
prisoned within its cells or tubes. It is insoluble in water, alcohol, ether. 
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fixed and volatile oils, diluted alkalies and diluted acids. It dissolires in the 
most hi2:hly concentrated nitric acid, without producing the decomposition of 
the acid : and, if the solution is immediately diluted with water, it gives a 
white pulverulent precipitate, which is a neutral substance highly combusti- 
ble, insoluble in water, containing, according to Robiquet, the elements of 
nitric acid. Weaker nitric acid converts it into oxalic acid, suberic acid» and 
otber products. When fused with a caustic alkali, lignin is converted into 
either ulmic acid or oxalic acid, according to the proportion of alkali and the 
temperature which is applied. 

When lignin is mixed cautiously with concentrated sulphuric acid, so as to 
avoid elevation of temperature, it is converted partly into dextrin, a gummy 
substance which is produced by the action of dilute acids and other agents on 
starch. A portion of the sulphuric acid unites at tbe same time with some 
of the ligneous matter to form a compound which has received the names of 
Hgnin-sulphuric acidy and vegeto^sulphuric acidy which forms soluble salts with 
barytes and oxide of lead. When the above mixture of concentrated sul- 
phuric acid and dextrin is diluted with water and boiled, the dextrin passes 
mto the state of starch sugar. 

To prepare starch sugar from this source, six parts of clean hempen or lin- 
en cloth, divided into small pieces, is intimately mixed with eight and a half 
parts of concentrated sulphuric acid, added in very small quantities. In the 
course of half an hour, when the cloth has become converted into a brown 
riscous mass, entirely soluble in cold water, sufficient water is added to dis- 
solve the mass, and the mixture is boiled for eight or ten hours, fresh water 
being added from time to time to replace that which is expelled by evapora- 
tion. The saccharification is then complete, and the free sulphuric in the so- 
lution is separated by the addition of an excess of chalk, which becomes con- 
verted into the insoluble sulphate of lime. The filtered liquid leaves a residue 
of starch sugar on evaporation. According to M. Braconnot, twenty parts of 
lignin afibrd about twenty-three parts of sugarl 

Lignin resembles starch not only in being convertible into dextrin and suear 
by the action of acids, but also in being converted into dextrin (or an analo- 
gous substance) by mere torrefaction. 

The identity in the nature of the ligneous matter derived from all kinds of 
trees is evidenced not only by its chemical properties, but by its analysis. 
The composition of washed and dried wood from the oak and beech was 
found by MM. Th^nard and Gay-Lussac to be the following : — 

Carbon .\ . . . . . 51'45 

Hydrogen ^'^^i -water 48-66 

Oxygen 42-78 5-"''"'* ^^ 



• 
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Analyses of washed and dried wood from the box and wUlow afforded Dr. 
Prout similar results. 

From these and other analyses the formula Gas H^ O29 has been assigned to 
pore lignin. . . ^ 

According to the more recent researches of M. Payen, the lignin of wood 
is not a homogeneous substance, but a mixture of two principles, which he had 
succeeded in separating. One of these is the primiuve woody tissue, which 
has the same composition as starch (Cu H,o Oio)» and is named cellulose hy M- 
Payen. The other principle is the true ligneous matter, and is contained m 
the interior of the cells in a proportion varying according to the nature of the 
wood and the age of the tree. It forms the principal part of the solid matter 
which gives durability and hardness to the heartwood. The ^V^^^^ 
the true lignin (mati^re incrustante) from the cellulose was effected by M. 
Payen by the agency of highly concentrated nitric acid, which dissolves li^f- 
nin, but leaves the cellulose without alteration. The remaining celluloseu 
iolttble in concentrated sulphuric acid without being blackened.^ ^ ^jlS 
l%un IB considered by M. Payen to contain more hydrogen than w reqtnrea 
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to fomi water with the oxygen present ; that from hemp, lint, straw, and Im* 
en cloth correspjonded in composition with the formula Cn H^ Og^ 

When wood is subjected to destructiTe distiUation in close vessels, a great 
rariety of volatile products is disen^ged, comprising water, acetic acid, a 
black mass known as wood«tar (contaming sereral peci2iar combustible liquids 
and solids), several oily and spirituous substances, carbonic oxide gas. and 
gaseous compounds of carbon and hydrogen. The higher the temperature at 
which the distiUation is conducted, the larger is the proportion of gaseous 
matters among the products. A residue of charcoal of the same shape as the 
original pieces of wood, but less in size, is found in the retort, the weight oi 
which varies from 16 to 28 per cent, of the weight of the wood. 

The ^ame of burning wood proceeds from the combustion of the same kind 
of ^seous matters as are given off when the wood is subjected to destructive 
disuilation in close vessels. As the proportion of these products is partly de- 
pendant OD. the temperature at which the distillation is conducted, it foUows 
that, to obtain the largest possible flame, the wood should be dry, in order to 
avoid loss of heat by the evaporation of the water, and in small pieces which 
may be quickly heated to their centre and applied to the fire in small quanti- 
ties at a time. If the temperature necessarv for active combustion is main- 
tained, and sufficient air has access, the comoustion of the wood is complete ; 
the only residue being a small quantity of white ash derived from the saline 
and earthy matters formerly contained m the sap. The carbon of the wood 
in this case is entirely converted into carbonic acid, and the hydrogen into 
water, by combining with the oxygen of the air and of the wood. Sut it is 
difficult to unite at all times the conditions necessary for perfect combustion, 
namely, a high temperature and sufficient air ; the combustion or oxidation 
of the volatue products is hence often incompletely effected, and smok^ 

* The aoot which is deposited on a cold body from the smoke of burning wood hm 
been analyzed by M. Braconnot, with the following resalts : — 

A nitrogenized 'Carbonaceous matter insoluble in alcohol • 20*00 

Uhnin 30-20 

An acrid and bitter principle .* *50 

Water 12-50 

Carbonaceous matter insoluble in alkalies 3-85 

Acetate of potash 4*10 

Acetate of ammonia *20 

Acetate of lime 5*65 

Acetate of magnesia *53 

Acetate of iron a trace. 

Chloride of potassium *36 

Sulphate of lime 5-00 

Ferruginous phosphate of lime 1*50 

Carbonate pf lime 14*66 

Silica -95 



100*00 



i^ampblack differs from common soot in being more completely carbonized. Ae- 
cording to the analysis of M. Braconnot, the composition of lampblack from wood is 
the foUowing : — 

Carbon .. 79*1 

Water 8*0 

Resin 6*3 

Bitumen 1-7 

Ulmin -5 

Sulphate of potash • *4 

Sulphate of ammonia , 3*3 

Sulphate of lime *8 

Chloride of potassium a trace. 

Fermginons phosphate of lime *3 

Quaitzy sand '6 



• 



100-0 
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S which consists chiefly of solid particles of & carhoaaceous substance) is pro- 
luced. Compact woods ^urn only at the surface ; the volatile combustible 
products which produce flame are quickly disengaged, and a mass of charcoal 
remains which bums away slowly without the production Of flame, or. at 
least of the yellow flame which is perceived at the commencement of the 
combustion. Lisht porous woods, which freely admit air to their interior, 
burn more rapidly than compact woods, and afibrd a yellow flame almost 
the whole time of their combustion, leaving a very small residue of char- 
coal. 

With a view of determining the heating power of different kinds of wood 
in a state of combustion, a set of experiments was performed by MM. Peter- 
son and Schodler to ascertain the quantity of oxygen required for the com- 
bustion of a given weight of the different woods. If the woods are equally 
dry, the amount of heat disengaged by the combustion is very nearlv propor- 
tional to the quantity of oxygen which unites with the combustible. The 
results obtained by MM. Peterson and Schodler are the following : — 

Nunes of traes. Oxygen required to bum 

100 parts of each. 

TtiaEuropeOy lime 140«523 

Ulmua svberoi(Cf elm 139*408 

PttMMflWM, fir 138-377 

PtntM larix^ larch 138-082 

J£s<mIu9 hippoecutanum, horse-chestnut 138-002 

JBuxua t€nq)ervirau, box 137*315 

Jlcer camp€9tri8y maple 136*960 

Pinus tylvestru, Scotch fir 136*931 

Pimu picea, pitch pine 136-886 

Populus nigra, black poplar 136*628 

Pynu community pear-tree 13.5*881 

Juglans regia, walnnt 13.'3*690 

Betula abnuy alder 133-959 

StUix fragUUy willow 1 33-95 1 

QverciM rttoWTy oak 133-472 

Pyrus tnaluiy apple-tree 133-340 

Fraximu excelHoTy ash 133-251 

Betula albay birch 133-229 

Prunns ceratiUy cherry-tree 133*139 

Robinea pseudacaday acacia 132-543 

Fagus aylvaticay white beech 132*3 12 

Prunus domesiicay plum 132*088 

Fagus aylvaticay red beech 130*834 

Diospyros ebenuniy ebony 128*178 

Heat is dissipated from a body in a state of ordinary combustion in two 
ways entirely distinct from each other : 1®, by the ascending current of air 
and gases from the combustible ; and, 2°, by radiation in aU directions, both 
from the surface of the burning body and ,from the flame. M. Feclet has 
ascertained by experiment that the radiating power of burning wood is not 
the same for different kinds of wood ; and that for the same kind it is greater 
when the wood is in lar^e than in small masses, because the radiating power 
of the charred surface of the wood is much greater than the radiating power 
of flame. If the wood is in very small pieces, the amount of heat radiated 
is very nearly the same for all kinds of wood, and is equal to one third of 
that dissipated by the draught of air, or to one fourth of the entire amount 
produced. 

The quantity of white ash which remains afler all the combustible matter 
in wood is completely consumed is very small, and varies considerably from 
different woods. The following table shows the Quantity which remains after 
the combustion and incineration of 1000 parts oi several different kinds of 
wood. 
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Oik(f«ggoU) '.. 22 

Ebony 16 

Mahogany 16 

Aspen 6 

Pine 4 

Birch 4 

Fir 4 

Barked oak 4 



Spindle 

Ash... 
FUbert. 
Box ... 



4 
4 
4 
3-6 



Poplar 2 

Cork 2 

Maple 2 



These ashes are composed of alkaline salts soluble in water, and earthy 
matters insoluble in water. The soluble alkaline salts consist of carbonates 
and sulphates of potash and soda, chlorides of potassium and sodium, and a 
little silicate of potash. The insoluble earthy matters are composed of lime 
or carbonate of lime, according to the temperature at which the incineration 
is performed, phosphate of lime, ^osphate of magnesia, phosi>hate of iron, 
oxide of manganese, and silica. The proportions of ash given in the prece- 
ding table do not represent the actual quantities of saline matter in the differ- 
ent woods ; as the greater part of the potash, soda, and lime, exists in the woods 
in combination with vegetable acids, as tartaric, oxalic, acetic, &c., which 
become destroyed by the combustion. One of the products of the decomposi- 
tion of the vegetable acids is carbonic acid, part of which combines with the 
bases formerly imited to the vegetable acids. This is the only source of the 
carbonic acid in the Qarbonates of potash and soda found in the ash ; as the 
wood before calcination does not contain a trace of an alkaline carbonate. The 
results given in the preceding table are those obtained when the ash is cal- 
cined at a full white heat, by which the carbonate of lime becomes converted 
into quick-lime. When thus calcined, the ash weighs nearly one third less 
than it does if the residue of the combustion is simply incinerated at a red 
heat, until the charcoal is completelv consumed. The relative proportion of 
ash obtained from the young and ola wood of a few different kinds of trees is 
shown in the following table of the results of some experiments by M. 
Earsten : — 

From young oak-wood.... 15 parU of a«hia 1,000 

old «< 11 

young red beeeh-wood (rothbuchenholz) .... 37*5 

old " « 40 

young white beech-wood (weissbnchenhok) . 32 
old « " 35 

younsT alder-wood 35 

old " « 40 

young birch-wood 25 

old « 30 

young red pine (fichtenholz) 15 

old «« « 15 

young white pine (tannenbolz) 22*5 

old « « 26 

young pitch pine (kiefcrnholz) 12 

old " « 16 

The difference in the composition of the ash derived from the wood of dif- 
ferent kinds of trees is not very considerable. The portion soluble in water 
comprises from one eie^hth to one fourth of the entire ash. Analyses of the 
insoluble portions of the ashes of oak-wood and beech-wood afforded the fol- 
lowing results (M. Berthier) : — 

From oak-wood. From beech-wood, 



« 

M 
(( 
(( 
« 

« 
(( 
(€ 
<t 
(t 
K 
(C 
It 
(( 



« 

M 

CC 

U 

t€ 

U 

U 

U 

U 

*€ 

«( 

U 

a 

€€ 



Lime, as carbonate and phosphate 63*2 

Magnesia — 

Oxide of iron — 

Oxide of manganese 9*0 

Carbonic acid (as carbonate of lime) 24*4 

Phosphoric acid (as phosphate of lime) . ^ 7*0 

SiUca 6*4 



42*6 
70 
1*6 
4*6 

32*9 
5*7 
5*8 



100*0 



100*0 
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The soluble portions of the same ashes were found to be composed of 

From oak-wood. From beech-wood 

Potash and soda 65*2 64*1 

Carbonic acid ; . . . 24-3 22-4 

Sulphuric acid 10»0 7-3 

Muriatic acid ".-..... 4 *5- 5*2 

Silica , — . 1*0 



100*0 100*0 

§ n. NATURE AND CAUSES OF THE DECAY OF WOOD. 

By referring to the obsenrations contained m the preceding section on the 
structure and composition of wood in a healthy state, it will be perceived 
that, according to the analyses of MM. Gay-Lussac and Thenard, and Dr« 
Front, pure woody fibre may be considered to contain carbon united with the 
elements of water ; but that, besides the pure fibre, wood contains, in its or- 
dinary state, from three to five per cent, of soluble matter, of which nitrogen 
forms an essential constituent. 

It appears from the experiments of De Saussure that Me decay of woody 
fibre is essentially a process of oxidation. On exposing moist wood to oxygen 
gas, it was found that, for every volume of oxygen absorbed by the wood, one 
volume of carbonic acid gas was disengaged. As carbonic acid gas contain? 
its own volume of oxygen gas, the result might seem to be merely a separation 
of a portion of the carbon of the wood by a process of oxidation or combustion 
at low temperatures. Such cases of slow oxidation have been distinguished 
by Liebig by the name of eremacaiisis, which is compounded from ripifta, by 
degrees, and Ka^n, buming. 

But the examination of the products of the action of oxygen on dry wood, 
and the analysis of the residuary mould or humus, show that wood loses by 
the process of slow combustion or eremacausis, besides carbon, a certain 
Amount of its hydrogen and oxygen in the proportion to form water. On ex- 
posing 240 parts of dry saw-dust of oak-wood to the action of oxygen gas, De 
Saussure found that the oxygen became converted into the same volume of 
carbonic acid gas, containing 3 parts by weight of carbon. But the wood di- 
minished in weight by 15 parts ; 12 other parts were therefore separated in 
the form of oxygen and hydrogen. 

For the following considerations on the nature of the decay of woody fibre, 
I am indebted to Professor Liebig's valuaUe work entitled " Organic Chemis- 
try applied to Agriculture and Physiology." In an agricultural point of view 
this process of decay is of great importance, as being the means of furnishing 
the soil with humus ; which, by the action of the air, becomes a means of sup- 
plying the roots of plants with carbonic acid. 

Notwithstanding the separation of carbon from wood during the process of 
decay, in the form of carbonic acid, if the composition of the decaying wood 
is examined at different stages in the process, it is' found that the relative pro- 
portion of carbon in the different products augments as the decay advances. 
The weight of the hydrogen and oxygen, therefore, which are given off simul- 
taneously with the carbon, is greater than the weight of the separated carbon. 
According to Gay-Lussac and Th6nard, 100 parts of oak-wood dried at 212°, 
from which all soluble matters had been separated by means of water and 
alcohol, contained 51*45 parts of carbon ; the remainder being hydrogen and 
oxygen in the same proportion as in water. A specimen of mouldered oak- 
woc3, taken from the interior of the trunk, of a chocolate-brown color, and re- 
taining the structure of wood, was found by M. Meyer to contain 53*36 per 
cent, of carbon, and 46*44 per cent, of hydrogen and oxygen, in the same pro- 
portions as exist in water. Another specimen of mouldered oak-wood, m a 
more advanced state of decay, of a light brown color, and easily reducible to 
fine powder, was found by Dr. Will to contain 56*2 per cent, of carbon, and 
43-8 of hydrogen and oxygen in the usual proportions. The composition of 
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these tabstances in equirftlents is represented by the following formule, with 
which the percentage composition, as obtained by analysis, closely agrees : — 

Fresh oak-wood, by Gay-Lunac and Tb^nard Cm Hn Oss 

Humas from oak, by M. Meyer C35 Hso O20 

HnmoB from oak, by Dr. Will C34 His Ois 

• 

It appears from these data that, for each equivalent of carbon separated from 
the wood, there are also separated two equivalents of oxygen and two equiva- 
lents of hydrogen. The process is merely a case of slow combustion through 
the oxygen of the air, but it remains to be decided whether the carbon or the 
hydrogen of the wood unites with the oxygen absorbed from the air. One of 
these elements is doubtless oxidized by the air, the other unites more inti- 
mately than before with the oxygen of the wood. If, as some suppose, the 
hydrogen and oxygen of the wood already exist in the state of water, the 
wood being a hydrate of carbon, there can be no doubt that the carbon is 
oxidized immediately by the air. But the characters of woody fibre favor the 
idea that its hydrogen and oxygen do not exist in the form of water ; for, were 
that the case, dry starch, suffar, and gum, must likewise be considered as hy- 
drates of carbon. And, if the hydrofi^en does not exist in woody fibre in the 
form of water, the direct oxidation of the carbon can not be considered as at 
all probable without rejecting all the facts established by experiment regarding 
the process of combustion at low temperatures. (Liebig, Agricultural Chem- 
istry, p. 295, third edition.) 

If such were the case, it would be a combustion in which the carbon of the 
burning body constantly augmented, instead of being diminished. It may 
therefore be concluded that it is the hydrogen which is oxidized at the ex- 
pense of the oxygen of the air, while the carbonic acid is wholly formed from 
the elements ot the wood. 

It is uncertain to what extent this decomposition of the wood may proceed 
under the ordinary influence of moisture and air, favored with warmth and 
light, but certainly not so far as to the entire separation of the hydrogen and 
oxygen ; for, with the increased proportion of carbon in the residuary humus, 
its affinity for the remaining hydrogen increases, until at length it equals the 
affinity of the oxygen for the same element. 

Such are the changes which wood suffers when exposed in a humid state to 
an unlimited quantity of air. But when the air is entirely or partially exclu- 
ded, water still having access, the order of decomposition is considerably modi- 
fied. Carbonic acid is then evolve^in the same manner as when air is freely 
admitted, but the hydrogen of the wood remains behind. Two analyses ot 
the white decayed wood, obtained from the interior of the trunk of a dead oak 
which had been in contact with water, yielded, after having been dried at 212"» 

Carbon 47-11 48-14 

Hydrogen 6-31 6-06 

Oxygen 46-3 1 44-43 

Ashes 1-27 1-37 



100-00 10000 

The mean of these numbers corresponds very nearly to the formula C33 Hgf 
Om, which gives, by calculation; carbon 47*9, hydrogen 6-1, oxygen 46. By 
comparing the formula with that assigned to woody fibre by Gay-Lussac and 
Th^nard, it is seen that the elements of water become united with the wood» 
and a portion of the carbon of the wood is separated in the form of carbonic 
acid. The oxygen of the carbonic acid is derived partly from the wood and 
partly from other sources, particularly from free oxygen contained in solution 
m the water, and derived from the atmosphere. It is supposed by Liebig that 
in this, as in all other cases of putrefactive decomposition, the oxygen Of the 
water itself assists in the formation of the carbonic acid. 

The above formula for mouldered oak is obtained by adding to the formula 
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for pure woody fibre the elements of fire equivalents of water, and three 
equivalents of oxygen, and subtracting therefrom three equivalents of carbonic 
acid. ' 

Woody fibre , C30 H23 O^s 

5 eq. water — Hs O5 

3 eq. oxygen — — O3 

Csa H27 O30 
Deduct 3 eq. carbonic acid .....Cs — Oft 

Mouldered oak « C33 Hs? 0^4 

But the composition of mouldered wood varies according to the facility with 
which oxygen has access. A specimen of white mouldered beech-wood af- 
forded, on analysis, carbon 47-67, hydrogen 5*67, and oxygen 46*68, numbers 
which correspond to the formula C33 Has 0^4 (Liebig). 

The decomposition which wood suffers in marshy soils, and under water in 
contact with aecaying vegetable matter, the access of free oxygen being wholly 
prevented, is a case of putrefaction or transformation of the constituents of the 
wood into other forms of matter, diff'ering fiom the preceding cases in the 
circumstance that the 'decomposition is not effected by the separation of one 
of the elements of the wood through the affinity of an external substance. In 
the cases already considered, the decomposition is partly effected through the 
affinity of oxygen for the hydrogen and carbon of the wood. When the wood 
is imbedded in marshy soils, the access of free oxygen is prevented by the 
wood being surrounded by attenuated decomposing vegetable matter, which 
has a more powerful affinity for oxygen than the denser wood. 

In such cases of transformation, the carbon of the wood is shared between 
the hydrogen and oxygen of the wood ; the carbon forming with hydrogen 
light carburetted hydrogen or marsh-gas (CHa^, and with oxygen, carbonic 
acid. A portion of the hydrogen and oxygen ol the wood may probably unite 
to form water at the same time. The moulder residue always contains a much 
larger relative proportion of carbon than previously existed in the wood. 

In assigning a cause for these transformations, it is not sufficient to ascribe 
them to tne action of air and water. It is known that in dry air woody fibre 
may be preserved without decomposition for thousands of years ; and under 
water, in certain conditions, it appears to be equally durable. 

The general condition for the production of such decompositions is contact 
finth a body already undergoing a similar change* When fresh wood is placed 
in contact with decaying wood, or other decaying vegetable matter, the latter 
acts the part of a ferment, and causes the transformation of the elements of 
the fresh wood, from the same cause as yest causes a transformation of the 
elements of sugar. The result differs according to the composition of the sub- 
stance to be decomposed, and the presence or absence of free oxygen ; but the 
cause is the same, and the decay m the case of dry-rot may be considered as 
a process of fermentation and oxidation combined. 

In this respect it closely resembles acetification or the process of fermenta- 
tion and oxidation, by which alcohol is converted into acetic acid. By absorb- 
ing oxygen the alcohol becomes entirely converted into water and acetic acid. 
But pure alcohol, whether strong or diluted with water, may be exposed to 
free oxygen without the formation of the smallest particle of acetic acid, or al- 
teration of any kind ; as also may pure woody fibre without formation of hu- 
mus. One of the conditions necessary to the conversion of alcohol into acetic 
acid is contact with a nitrogenized body, as. yest, in a state of slow oxidation 
or putrefaction ; a condition precisely similar to that under which the decom- 
position of wood is orij^inated. The transformation of the elements of alcohol, 
or woodjr fibre, is considered by M. Liebiff as a reflex action of the transforma- 
tion of the conti^ruous decomposing body consistently with the physical law 
proposed in another application, by Laplace and BerthoUet, that " a mdeciile 
set m motion by any power can impart its own motion to another moleeaW 
with which it may be in contact** 



/ 
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The albnminoiis matter which wood contains distributed orer the celliilar 
tissue is intimately connected with the decomposition of the wood. It is a 
nitrogenized substance, and identical in composition with animal albumen ; 
like which body, it is putrescible in a high degree,' and therefore an element 
of fermentation and putrefaction. It is particularly adapted for food for insects, 
which are often found in the interior of the cells, penetrating the wood in all 
directions. The disintegration of the fibres, thus occasionea by insects, also 
{[ready accelerates the chemical action going on at the same time, from the 
increased facility for the introduction of air and water to the interior of the 
wood. The products of the spontaneous decomposition of regetable albumen 
are the same as those produced from animal albumen ; namely, carbonate of 
ammonia, nitrate of ammcnaia, carburetted hydrogen, and water. The influ- 
ence of ammoniacal salts in fayoring the growth of fungi accounts for the ap- 
pearance of the latter among the earliest signs of decay of wood.* 

The spontaneous decomposition of the vegetable albumen, acting as a fer- 
ment, is the primary cause of the decomposition of the wood : and the pres- 
ence of sugar, Stalin, and other matters capable of heme easily transformed 
by a ferment, considerably hastens the decomi)osition. Hence it is found that 
those woods which contam the smallest quantity of albumen and amylaceoua 
matters are the most durable. The wood of a tree of the acacia tribe, which 
has been largely employed of late in France and America for purposes in 
which the wood is subject to more than ordinary exposure, contains merely a 
trace of albumen, and hence resists decomposition in situations where all oth- 
er woods enter into a state of decay. Placed in the same circumstances in 
which oak-wood decays in one or two years, the wood of the acacia is said 
to remain perfect for fifteen or twenty years (M. Payenf^. 

Before a considerable quantity of wood is appropriatea to building purposes, 
an experiment should be performed to ascertain, by chemical analysis, the 

Proportion of albumen which it contains. A method recommended by M. 
ayen consists in digesting the wood with the aid of heat in a dilute solution 
of caustic soda, which has little or no action on the woody. fibre, but dissolves 
the albumen ; and the quantity of the latter thus separated may be estimated 
by washing, drying, and weighing the wood. 

As the presence of starch and gum in the wood would preyent such a pro- 
cess as the preceding from affording anything more than an approximation to 
the proportion of albumen, a more advantaffeous method would be to deter- 
mme the absolute amount of nitrogen in the wood by the simple and easy 
process deyised by MM. Will and Varrentrapp for the ultimate analysis of or- 
ganic bodies. From the proportion of nitrogen thus obtained, that of the al- 
Dumen in the wood may be calculated ; but such a calculation is unnecessary, 
as the relative amount of nitrogen in different specimens of wood would of 
course indicate (according to the principles before developed), their relative 
disposition to decay. An account of the manner of conducting the process 
referred to, may be found in the " Elements of Chemical Analysis," page 267. y 

§ m. PRESERVATIVE MATERIAL& 

rf the decay of wood is, in the first place, an induced effect of the contact 
of decomposing albumen, a means of preserving the wood is naturally sug- 
gested in the removal of the albumen ; or els^ in so modifying it, by causing 
It to combine with other substances, that it shall no longer possess the prop- 
erty of decomposing spontaneously. 

The solubility of albumen in cold and tepid water affords a simple means 
of withdrawing from the wood this element of decomposition. Unless tbe 
wood is in very thin pieces, however, the removal of the albumen by the pro- 
cess of washing in water is extremely slow. To test the eflicacy of merely 
washing in water, equal weights of washed and unwashed wood, equally drji 

* The growth of mashrooms U found to bo rtmvkably Aceclnwtad bj watering thorn with a tolv 
on of sulphate of amnonia. 

t Cmars tU CAmm OrgmifM* 184S. 
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were moistened with the same quantity i>f water^ and the amomit evaporated 
was replaced in each quantity equally. In the course of a few weeks the un- 
washed wood was always found to be covered with a thick mould, while none 
appeared on the washed wood for six months. At the expiration of that pe- 
ncKi the unwashed wood was found to have sensibly diminished in weight, 
while the weight of the washed wood remained unaltered (Dr. Boucherie). 
As the decay of wood advances, the proportion of soluble matter decreases 
from five or six to less than one per cent. 

But, as the removal of the albumen seems to diminish the adhesion of the 
fibres and the tenacity of the wood, a better method of preserving wood is to 
cause the albumen to enter into combination with another substance, to form 
a compound which is insoluble in water, and not susceptible of spontaneous 
decomposition. This is the mode of action of all the antiseptic substances 
which have been of late applied to wood, either in aqueous solution or in the 
form of vapor, as effectual preventives of decay. 

Corrosive sublimate, or cnloride of mercury, is one of the most eflicient of 
these antiseptic applications. It was proposed by Mr. Eyan* as a preventive 
of drv-rot, under the idea of its acting as a poison to the fungi and insects 
which were th^ supposed cause of the disease. But this explanation of the 
action of corrosive sublimate is no longer tenable, as it is now generally ad- 
mitted that the fungi and insects are not to be considered the origin, but the 
result of dry-rot. It has been suggested that its action depends on the for- 
mation of a compound of lignin, or pure woody fibre, with corrosive subli- 
mate, which resists decomposition in circumstances where pure lignin is liable to 
decay ; but pure lignin possesses no tendency to combui^ with corrosive subli- 
mate. The action of this substance is in reality confined to the albumen, 
with which it unites to form an insoluble compound not susceptible of spon- 
taneous decomposition, and, therefore incapable of exciting fermentation.f 
Vegetable and animal matters, the most prone to decomposition, are com- 
pletely deprived of their property of putrefying or fermenting by the contact 
of corrosive sublimate. It is on this account advantageously employed as a 
means of preserving animal and vegetable specimens. Its expensiveness in 
this country is a great obstacle to its extensive employment, but few antisep- 
tic applications are more effectual'. In Mr. Ryan's process the wood to be im- 
pregnated is sawed up into blocks or planks, and soaked for seven or eight 
days in a solution containing one pound of corrosive sublimate to five gallons 
of water. The impregnation is sometimes effected in an open tank, and 
sometimes in an air-tight vessel from which the air is first exhausted by a 
pump as far as possible ; and the solution is then pressed into the pores of the 
wood under a force of about a hundred pounds to the square inch. 

To test the efiicacy of Mr. Eyan's process, protected and unprotected pieces 
of timber were placed in a trench in the Royal Arsenal at Woolwich in con- 
tact with putrefying vegetable matter, and with pieces of wood affected with 
dry-rot ; and the trench was covered with horse-dun^ to increase the temper- 
ature and accelerate the decomposition. At the expiration of five years the 
protected wood was found to be unaltered, while the same kind of wood, un- 
protected, became considerably affected before the end of the &rst year. 

*The use of corrosive sublimate was previously suggested to the Admiralty and Navy Board by 
Sir H. Davy ; but, tliis substance being slightly volatile at common temperatures, it was considered 
that the atmosphere surrounding the prepared timbers might become vitiated, and the proposal waa 
■ot at that time carried into execution. 

t A compound ouite similar to, if not identical with, that referred to in the text, is thrown down 
w a white precipitate when an aqueous solution of corrosive sublimate is mixed with a solution of 
white of egg in water. It is not, as was formerly supposed, a compound of calomel with albumen, 
nor is it a direct combination of corrosive sublimate with albumen ; but a mixture of two substan- 
ces, namely albuminate of mercury, and muriate of albumen. By washing the precipitate with 
pure water, the muriate of albumen mav be separated from the precipitate, and albuminate of mer- 
cury remains beliind, mixed with a smaD trace of calomel formed by the reaction of a little phoe> 
phorus in the white of egg on the corrosive sublimate. If the solution of corrosive sublimate ie 
mixed in large excess with the white of egg, the muriate of albumen which is formed remains in 
•ohnion. 

The albuminate of mercury is quite insoluble in pure water, and so inert that the poisonous e€> 
acts of corrosive sublimate may be counteracted bv swallowing the whites of several egfs imme- 
oately after the exhibition of the poison. It is soluble in water containing chloride of sodium (and 
iBMRifere in sea-water), chloride of potassium, and muriate of ammonia. 
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The action of almost all beneficial materials for impregnating wood may be 
considered of the samft natore as that of corrosive sublimate. 

The most ancient means of preserving wood consists in the application of 
an external resinous or oleaginous covering, by which air and water are ef- 
fectually excluded. If the wood is drv and in a sound state before the cover- 
ing is applied, perfect protection might be thus afibrded, provided the wood 
is not exposed to abrasion. It is essential that the wood be made thoroughly 
dry previous to the application of a protective varnish, else its decay is hastenea 
by the impediment which the varnish offers to the evaporation of the moisture. 

The more effectual method of impregnating the wood throughout its mass 
with a chemical preservative a^ent was not practised to any great extent un- 
til the last century. The principal substances which have been proposed for 
that purpose are the following. (See Mr. John Enowles's " Inquirv into the 
Means which have been taken to preserve the British Navy, particularly from 
Dry-rot," 1821.) 



Glae. 

Corrosive sublimate. 

Nitrate of potash. 

Arseoical pyrites water (containing aise- 

nious acid). 
Peat-moss (containing tannin). 
Creosote and eupion. 
Cmde acetate or pyrolignite of iron. 
Peroxide of tin. 
Oxide of copper. 
Nitrate of copper. 
Acetate of copper. 

Solution of bitumen in oil of turpentine. 
Yellow chromate of potash. 
Refuse lime-water of gas-works. 
Caoutchouc dissolved in naphtha. 
Drying oil. 

Beeswax dissolved in turpentine. 
Chloride of zinc 



Tar. 

Sulphate of copper. 

Sulphate of iron. 

Sulphate of zinc. 

Sulphate of lime. 

Sulphate of magnesia. 

Sulphate of barytes. 

Sulphate of soda. 

Alum. 

Carbonate of soda. 

Carbonate of potash. 

Carbonate of barytes. 

Sulphuric acid. 

Acid of tar (pyroligneous acid). 

Common salt. 

Vegetable oils. 

Animal oils. 

Coal oil (naphtha). 

Aesins. 

Quick-lime. 

Sulphate of copper (blue vitriol}, sulphate of iron (green Vitriol), and sul- 
phate of zinc, have been employea for a considerable time as preservatives 
against dry-rot. An objection to sulphate of iron, and especially the persulphate, 
has been sus^gested by M. Bryant, m its property of bemg decomposed into the 
msoluble subsulphate of iron and free sulphuric acid by the woody fibre, which 
combines with the subsidphate, while the free sulphuric acid exercises a cor- 
rosive action on the timber, and often causes it to become almost pulverulent. 
These inconveniences may be obviated by first injecting some oily material into 
the pores of the wood, la the process for preserving animal and vegetable 
matters from decay, patented by Mr. Margary in 1837, the wood, previously 
dried, is soaked in a solution of one pound of sulphate of copper in five gallons 
of water ; and is allowed to remain in the liquid two days for every inch of its 
thickness. Instead of the above solution, another is sometimes made use of, 
composed of a pound of acetate of copper dissolved in fourteen quarts of water 
with two quarts of crude pyroligneous acid. Like chloride of mercury, sulphate 
of copper acts by forming an insoluble and stable combination with albumen. 

Contact with alkalies and alkaline earths greatly accelerates the decay of 
wood, for these substances enable woody fibre and several other organic mat* 
ters to absorb oxygen, which do not possess the power of themselves. Thus 
alcohol, which does not, if pure, absorb oxvgen from the air at common tern* 
|)«ratures, when mixed with potash, absorbs it with avidity, becoming con- 
Tened into acetic acid, formic acid, and other oxidated prodncts. Several 
Tegetable coloring matters, gallic acid, tannin, and other substances, are 
afi'ected by alkalies in a simikr manner. 

An experiment on the durability of timber seascmed with lime was made 
some years ago on a part of the frame-work and some of the timbers of the 
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Amethyst frigate. At the expiration of ten years the prepared timbers were 
found to.be in a worse condition than the unprepared. 

Alum effectually counteracts the decomposition of the albuminous matter 
of the wood ; but it can not be employed as a preseryative material, from its 
decomposition, under the influence of the woody fibre, into the insoluble sub- 
sulphate of alumina, which attaches itself to the fibre, and free sulphuric acid, 
which exerts a corrosive action on the wood. The soluble subsulpnate of alu- 
mina (basic alum) would be free from this objection to common alum, and, if 
made without excess of alkali, might probably be found an efficient applica- 
tion. 

The antiseptic property of common salt is not without an application in the 
preservation of wood. The durability of the beams and other timber- work in 
salt-mines is attributable to the action of the salt in restraining decomposition. 
If kept in a tolerably dry atmosphere, wood imprecated with a solution of 
cx>mmon salt resists decomposing agents for a considerable time, and it has 
been observed that ships employed in the salt-trade are more durable than 
most others built of the same kind of timber. For a first cargo for ships built 
along the shores of the Baltic the preference is generally given to salt. 

But the deliquescent nature of this substance, in the state it is commonly 
met with, prevents its employment as a preservative for wood intended for 
general purposes. For buildings, however, in which the temperature is usu- 
ally high, wood thus prepared would be found durable and eccmomical. Pure 
salt has very little deliquescent property ; that possessed by the salt met with 
in commerce is chiefly due to traces of chloride of calcium and chloride ci 
magnesium. 

The durability of ships employed m the salt-trade ha% been referred to the 
thorough desiccation of the timbers by the hy^oscopic property of common 
salt. More than ordinary durability is also ascnbed to shvas employed in con- 
veying quick-lime ; an effect of lime which is hardly referable to any other 
mode of action, for the impregnation of the wood with lime-water would only 
facilitate its decay. 

The saturation of wood with vegetable and animal oils, with a view to its 
preservation, has been practised in, America to a considerable extent. This 
application of oil appears to have been known to the ancients, and was recom- 
mended by Dr. E^les in 1756. The imbibition of the oil by the wood is ex- 
• tremely slow, but the protection thus afforded is very considerable. To facil- 
itate the impregnation, it has been proposed first to expel the air and moisture 
in the wood by the application of heat ; and, as a temperature approaching 
600^. Fahr. may be attained in an oil-bath, the oil has been made the medium . 
of dryins and expelling the air as well as of impregnating the timber ; but the 
wood which had undergone this process was found to have diminished in te- 
nacity, and its fibres were easily separated from each other. (See Knowles 8 
«• Inquiry," before referred to.) 

In 1811 a proposal was made by Mr. Lukin to impregnate wood with the 
vapor produced flrom fixed oils, and extensive works were erected for prepar- 
ing wood for fi^ovemment purposes by such a process. But most of the tim- 
bers submitted to the vapor became cracked, and rendered quite unfit for the 
construction of ships. The building in which the impregnation was effected, 
the length of which was thirty-two feet, and the breadth twelve feet, at last 
exploded ; but the trial was quite adequate to prove the insoflSciency of the 
|irocess. • 

From the general nature of the action of arsenious acid on animal and vege- 
table substances, its efficacy as a presetvative laaleTial fiv wood may be as- 
,nmed. Mundic water containinf^ arseaic, produced by the oxidation, througk 
the air, of arsenical iron pyrites m contact widi water, was proposed for this 
Duq;)ose, by Mr. Lukin, in 1812 ; but the use of this material was abandoned 
£ram its injurious effects on the workmen, the death of two persons being pro^ 
doced throi;^h some preUnunaiy experiments to determine the Talue of thib 
process. 
. The durability <t( wood is greatly increased by being impregnated with 
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taanin, which acts on the albtuninous matter in the same manner as corrosiye 
sublimate. The preservation, for several aees, of large branches and trunks 
of trees imbedded in peat is wholly referable to this action of the tannin and 
analogous substances contained in the peat. With a view of producing in 
fresh oak-wood the same change which it experiences in bogs, it has been pro- 
posed to keep the wood surrounded for some time with peat-moss ; but the 
experiments undertaken to test the efficiency of the process were failures, 
irom the difficulty of carrying the impregnation to any extent. The wood 
which is taken from bogs, however, when exposed to the weather, become* 
weak in the fibre, splits, and is soon impaired m quality (Mr. Enowles). 

The remarkable antiseptic property of creosote has suggested the applica- 
tion of this substance as a preservative for wood. Creosote is an unctuous 
liquid found among the products of the distillation of wood, and is contained 
in the tar of some kinds of wood to the amount of one fifth or one fourth of 
the weight of the tar. In an iippure state creosote may be obtained by merely 
subjecting wood-tar to redistillation and rejecting the nrst products, but for its 
preparation in a pure state, a more complicated process is necessary, an ac- 
count of which, together with the properties of this singular substance, will 
be found in the article on the products of the distillation of wood. 

The efficacy of tar as an external application to wood may be principally 
referred to the action of the creosote and eupion which it contains on the al- 
buminous matter in the wood« in the same manner as corrosive sublimate. 
With the view of effecting a deeper impregnation, it has been proposed to 
steep the wood in boiling tar ; but exposure to a boiling liquid for a short time 
has always the effect of diminishing the tenacity of wood. On compar- 
ing the strength of t^o pieces of timber, one having^ been boiled in tar, and 
the other in its ordinary state, but quite similar in other respects, the strength 
of the boiled timber was found to be one seventh less than that of the unboiled. 
The wood, however, is rendered better capable of resisting decomposition, and 
suffers an increase in density and hardness. The process is expensive, and 
too tedious to be generallv adopted. 

A patent has been obtained in this country by M. F. Moll for a method of 
impregnating wood with creosote by exposing it to the vapor of the oil of 
vfood'tatt which is the product of the distillation of the tar. 

The first product which passes over when wood-tar is distilled consists for 
the most part of eupion. When the distillation has been carried so far that 
the product has about the same specific gravity as water, the receiver is 
changed, and some lime, or an alkali, is added to the distilled liquid to neu- 
tralize the free acid which it contains. On applying a much stronger heat to 
the tar, impure creosote distils over. 

The wood is exposed to the action of the vapors of eupion and creosote in 
a cast-iron chamber or tank, furnished with some means for applying heat by 
steam. The wood should be arranged vertically, if convenient ; but if not, 
it should rest on an iron grating, so that the vapor obtains free access to the 
surface of the wood. Before the timber is exposed to the tarry vapor, the 
tank is heated to a temperature about 90° or 100^ Fahr.; and, after some time, 
the water expelled from the wood is drawn off, and the vapor of eupion ad- 
mitted by a pipe from a contiguous boiler. The timber is exposed, in the 
next place, to the vapor of creosote ; and is, lastly, soaked for some time in 
hot liquid creosote. . 

The length of time during which the wood should be submitted \o these 
successive operations depends entirely on its hardness and density. As a 
means of estimating the progress of the different processes, it is recommend- 
ed to attach to the tank a small test-chamber containing a small piece of the 
iame kind of wood as that in the tank. By observing the process of the 
test, that of the large piece may be easily judged by an experienced workman. 

This process may be made, without doubt, an eflfectual means of preserving 
die wood from decay, but it would seem to be too much complicated and ex- 
pensive for general adoption on the large scale. 

The use of the aqueous solution of creosote for preserving wood has been 
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patented bjr Mr. Samuel Hall. One hundred parts of water at common tem« 
perature dissolye only about 1*25 parts of creosote. 

Peroxide and perchloride of tin,* and oxide, chloride, and nitrate of copper, 
are preserving materials, for the use- of which a patent was obtained by Mr. 
Richard Treffry in 1836. To impregnate wood (or any^other vegetable mate- 
rial) with oxide of tin or oxide of copper, it is first soaked in a mixture of a 
pound of quick-lime with about four gallons of water, or else in a solution of 
a pound of soda-ash (containing about 45 per cent, of alkali) in four gallons 
or water. When taken out of the alkaline solution, the wood is well wash- 
ed, and, if convenient, dried. It is next dipped into another tank, containing 
a solution of either perchloride of tin, chloride of copper, or nitrate of cop- 
per. It is immaterial whether the wood is first impregnated with the alkali or 
the metallic solution, if the superfluous liquid remaining on the surface after 
the first immersion is carefully removed. The metallic salt preferred by the 
patentee for wood is chloride of copper, a pound of which may be dissolved 
in six pounds of water, and a sufficient quantity of the solution used to cover 
the timber completely. When dry. ihe timber is ready for use. It is stated 
that the chloride, nitrate, and acetate of copper, may also be applied to wood 
with advantage byr themselves. 

The use of a solution of bitumen in oil of turpentine, applied externally as 
a paint, has been patented by Mr. R. Newton. According to the specification 
of the patent, the method preferred for making the solution of bitumen is the 
following ; — The bitumen is melted in an iron boiler heated by means of steam, 
and ten per cent, of common turpentine is added during the melting. When 
fluid, seventy-five per cent, of oil of schistus, or other mineral oil, is added, 
the mixture stirred, again heated, and afterward poured out into an iron ves- 
sel to cool. When cold, there are added, first, twenty-five per cent, of com- 
mon turpentine, and afterward ten per cent, of hydrate of lime previously 
sifted and mixed with a small quantity of the liquid. This mixture is said to 
remain in a permanently liquid state at common temperatures. 

The use ot a solution of yellow chromate of potash as a preservative agent 
has been patented by Mr. John Bethell (July, 1838). • The bichromate of pot- 
ash would probably be found a more efficient preservative material than the 
yellow chromate; Mr. Bethell's patent also includes the application of the 
refuse lime-water of gas-works ; of a solution of caoutchouc in naphtha or tur- 
pentine, alone, or mixed with rape-oil, coal-tar, or wood-tar ; of a solution of 
oees'-wax in turpentine, and of drying oil and turpentine. These mixtures 
are said to impart to the wood both durability and impermeability to water. 

The process patented by Sir William Burnett in 1838, for preserving wood 
and other vegetable matters from decay, consists in impregnating them, in 
the ordinary manner, with a solution of chloride of zinc, containing one ^ound 
of the chloride to five gallons of water. The time required for the digestion 
of the wood in the solution at common atmospheric pressure varies from ten 
to twenty-one days, according to the thickness of the wood. Pieces of four 
inches in thickness, or less, require ten days ; pieces of from four to eight 
inches require fourteen days ; and pieces above eight inches require twenty- 
one days. The timber should be dried in a sheltered situation. It is recom- 
mended as an additional precaution that a paint composed of oxide of zinc 
and drying oil be applied to the wood externally. 

The protection from decay afforded to wood by chloride of zinc is said to 
equal that afforded by corrosive sublimate. Chloride of zinc is better adapted 
to the preservation of shipping than corrosive sublimate, as the compound 
which oxide of zinc produces with vegetable albumen is insoluble in sea- 
water, unlike the compound of oxide of mercury and vegetable albumen 
Specimens of English oak, English elm, and Dantzic fir, remained perfectly 
sound for five years in the fungus test-pit at Woolwich (see page 77) ; but 
similar unprepared pieces introduced at the same time soon became affected 
with decay and fungus. The protection afforded to canvass and cordage by 
chloride of zinc appears to be greater than that by chloride of mercury. 

The impure mixture of acetate of peroxide and acetate of protoxide of 

6 
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irai (psrioligiute d ifcm, or dyer's iron liquor), obtained br dijpesdni^ ras^- 
iron nails, &c., in the crude acetic acid afforded by the distillation of wood, i» 
one of the most economical and efficient of the preserratiye agents. It forms 
a stable compound with albumen ; its acid, wnen free, exerts no corrosive 
action on the wood, and being volatile, may be easily expelled from the wood» 
if necessary, by the application of heat ; and lastly, the crude acetate contains- 
a considerable quantity c^ creosote (page 80). Vegetable matters which 
easily enter into a state of putrescence, as paste and pjulps of carrot and beet- 
root, are rendered tUmost inalterable in the air by being soaked in a solutiim 
of the crude acetate. 

The iron liquor generally employed for preserving wood has the specific 
gravity 1-056. 

To determine the relative amount of protection from decay afforded by the 
most important of the preceding preservative agents to vegetable matters 
placed in the same conditions as to moisture and temperature. Dr. Boucherie 
mstituted a set of experiments on wheat Hour and pulp of beet-root, of which 
&e following are the results. The experiments, which were all performed at 
the same time, consisted in mixing equal weights of the vegetable matter, 
equally moist, with different quantities of the bodies the protective power of 
which was to be determined. 

In all the experiments with wheat flour, 62 grammes were mixed with 30 
grammes of water containing the preservative material in solution. A mix- 
ture of flour and water only, made for comparison, became completely covered 
with mould, and evolved a considerable quantity of putrid gas, on the eighth 
day after being made. 

Chloride of mercury.— Three experiments were performed with this sub- 
stance, in wnich 2, 4, and 6 decigrammes were dissolved in the 30 grammes 
of water for mixing with the flour. No alteration had taken place in either 
of the mixtures at the expiration of two months. 

StdpJiate of iron, — In five experiments with sulphate of iron, in which from 
2 decigrammes to 2 grammes were dissolved in the 30 grammes of water, the 
appearance of the mould was retarded only a few days. In each mixture it 
was comjdete on the twelfth day. 

Pprolignite of iron, — ^In an experiment in which 1 decigramme of dyers' 
ijxin liquor of specific gravity 1*055 {IV* Twaddell) was mixed with the u^aal 
quantity of flour and water, a slight mould appeared on the tenth day : with 
2 decigrammes, on the twelfth day ; with 3 decigrammes, on the fifteenth 
day ; with 4 decigrammes, on the twentieth day ; with 5 decigrammes and. 
upward no mould was perceptible up to the sixtieth day. 

Arsemous acid, — ^With 2 decigrammes of arsenious acid some mould ap- 
peared on the thirteenth day ; with 4 decigrammes, on the fifteenth day ; and 
with 1 gramme, on the eighteenth day. With 2 grammes no decomposition 
was perceptible up to the sixtieth day. 

Similar results were obtained in experiments with the pulp of beet-root 
The decomposition of the pulp was completely prevented by a decigramme 
Qf corrosive sublimate ; but a gramme and a half of either sulphate of iron» 
sulphate of copper, or sulphate of zinc, only retarded the decomposition of 
the same quantity of pulp for a few days. A gramme of iron liquor and 6 
decigrammes of crude pyroligneous acid were found to be req^uisite for com- 
plete preservation. 

§ IV. MODES OF APPLYING PRESERVATIVE A6ENT& 

tJntil lately, the aoly method commonly practised of conveying a preserra* 
tive material to the interior of a piece of wood consisted in steephig the wood 
in, a solution of the substance, or else in exposing the-wood to the vapor of 
th^ preserving body. A billet of wood placed on its end and covered with '«& 
aqueous, solution^ gradually absorbs a considerable quantity of- the U^pud' 
merely by the force of. capillary attraction, aided by the {Hressiue of the liquid* 
column. But the impregnatioik is affected very uaequadlyin this maaQer, 
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eertiiin parts of the wood presenfing far greater facilities for the transmission 
of the liquid than others. Those parts near the axis, where the tissue is 
denser than toward the surface, are scarcely at all penetrated hy the so^ 
\mioa. 

The impregnation also takes place with extreme slowness ; a piece of wood* 
of about tnree feet three inches in length, and nine inches in diameter, cc^tin- 
aed to absorb water and increase in weight after haying been submerged vtt 
water for ten mc^tfas. 

To obtain a more perfect and rapid impregnation of the wood, Dr. Bouehie^ 

rie* suggested the application of the aspirative force of the free, the liquid 

bein^ applied either to the base of the trunk or larger branches, or to the roots. 

It is indifferent whether the tree is still standing or recently felled. By thiis 

force, the liquid is absorbed, in the course of a few days, to a height of eighty 

I or a hundred feet, and even penetrates to the leaves.! 

\ To impregnate a tree recently felled, the base of its trunk mar be placed in 

i a vat containing the solution of the preserving material, or else a bag of lealiier 

i or sheet caoutcnouc may be fastened water-tight around the base and put in 

communication by means of a pipe with a tank or cistern containing the 80« 

i lution. A poplar of about ninety feet in height, the base of which was placed 

in the month of September in a vat containing a solution of pyrolignite of iron 

I <^ specific fpravity 1*056, absorbed 3 hectolitres (very nearly 10*6 cubic feet) 

\ of the solution in the* course of six days. 

i The time which may be allowed to elapse between the felling of the tr^e 

I and the impregnation varies according to the nature of the tree and the season' 

of the year. At the end of September, a pine, the trunk of which was fif- 
f teen inches and a half in diameter, became perfectly impregnated, when put 

I in contact with the solution, forty-eight hours after being felled. In the 

I month of June a plaintain was also well penetrated after having been cut 

down for thirty-six hours. But the sooner the tree is put in contact with the 
I liquid after bemg cut, the more energetic is the absorption. At the tenth day 

I ^ the aspirative force is hardly sensible. 

[ As the tree should be maintained in a vertical position, its great weight 

may often become inconvenient to sustam ; it is hence sometimes found more 
advantageous to operate on the tree before it is wholly detached from ita 
I roots. 

I To impregnate a standing tree, two deep notches may be made with a saw 

, on each side of the trunk, into which two narrow wedges are to be inserted to 

support the tree ; or an auger-hole of two or three inches in diameter may be 
bored through the centre of the tree, and a horizontal cut made by a saw, right 
and left of the hole, enough of the outside being left to sustain the tree. A 
bag of tarred leather of sheet caoutchouc is then fastened around the trunk 
above and below the notches, and placed in communication, by a pipe, with a 
cistern containing the preserving solution ; or else the solution may be con- 
tained in a basin of well-tempeied clay, large enough to hold two or three 
gallons of liquid, made around the base of the trunk. To avoid waste of the 
liquid, the tree may be stripped of its superfluous branches before beinff sub-' 
mitted to the process. A terminal tuft, however, should always be allowed' 
to remain. 

The best season of the year for impregnating the tree, according to the ex- 
perience of Dr. Boucherie, is the autumn. The impregnation is more di£Seult 
to effect in deciduous trees in nptins than in-winter or summer^ but evergreens 
may be impregnated advantageouny in winter. 

* Jamakt 4§ Chimie ef de PftyiifW, t. IxxiT., lift. 

X A patent wu obtained hj Mr. John Betbell for a process for iiApresmitin^ wood, identical in 
most respects with that of Dr. Boucherie ; the butt-end of the recently-felled tree beinr placed in 
« tank contalnirigt the solution; or else the solution is contained ih a bar of water-proof cloth aiSzed 
te the end of the tree. The pct>ceftt waa pctehted in July, 1838, which was pi%yieus to the pvfaii* 
caUqn of Dr. Boudierie's pwper. ' .^ , . ^ . • 

This method of Imprieniatuitf t^ood has beeii favorably reported on by a commissfon of the Ftenen 
iteademy, consistinif of MM. Dumak, Beussihgautt, De MirbW, Arago, Poneelet^ Attdou^ adi 
Gambey ; and extensive arrangements have been undertaken in France, by the Minister oiMann^ 
- gUjiimtiim of the process Witm ptBUwrMm of WoMd fmHtn French naTy. 
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Different kinds of liquids are not absorbed with equal facility ; neutral so- 
lutions, for example, are absorbed more readily than either acid or alkaline. 
A plantain, the trunk of which was about twelre inches in diameter, absorbed 
in seven days two and a half hectolitres (very nearly 8-8 cubic feet) of a solu- 
tion of chloride of calcium of specific grayity 1*1095 (about 22^ Twaddell). 

An objection to the process of impregnatmg trees by vital absorption is, 
that it can only be executed in the sap-season, which is limited to a few 
months in the year, and the cutting of the wood at this period is contrary to 
established practice. 

A simpler add equally effective method, by which trees may be impregnated 
at all seasons of the year, has since been discovered by Dr. Boucherie, and 
also, independently, by Mr. W. H. Hyett, of Stroud, Gloucestershire, whose 
Prize Essay on the best solutions for impregnating trees to impart durability, 
incombustibility, &c., in the Transactions of the Highland Society,* contains 
a great deal of highly valuable information. The process consists simplj in 
inverting the newly-lelled tree, stripped of all superfluous branches, divided 
into convenient lengths, and if necessary, squared, and applying the preserving 
liquid to the butt-end of the tree, now ihe uppermost. The liquid may be 
contained either in a bag of impermeable cloth, adapted to the upper ex- 
tremity, or in a cup hollowed out of the end of the tree. In most cases, the 
liquid quickly penetrates by the superior extremity, and the sap flows out at 
bottom almost immediately. The operation is terminated when the liquid 
which issues from the bottom of the piece is the same as that introduced at 
top. With some woods, which contain a considerable quantity of gas m 
their pores, the flowing does not commence until the gas is expelled. 

It is remarkable that the most porous woods are not those which are most 
easily penetrated. The poplar resists more than the yoke-elm and the 
beecn ; and the willow more than the pear-tree, the maple, and the plane. 
The ash, according to Mr. Hyett, completely resists the percolation of the 
liquid. 

I am informed by Mr. Hyett that in the month of May every part of the 
trunks of large beech- trees, with the exception of three or four* years' growth 
immediately around the pith, admitted the solution perfectly. At the same 
season, nine or ten inches in diameter of the heart-wood of Scotch fir-trees of 
about two feet in diameter resisted the liquids effectually. 

The impregnation of timber which has been already seasoned or cut for 
some time is best attained by first exhausting all its pores of gas, and then 
introducing the liquid under a considerable pressure. This method was pat- 
ented by Mr. John Bethell, in 1838. 

The vessel in which the impregnation is effected, is an air-tight iron tank,, 
of suflSicient strength to withstand an internal pressure of two hundred pounds 
to the square inch. The circular wrought-iron boilers for hi^h-pressure steam- 
eneines, are well adapted for the purpose. The tank is ntted with an air- 
tight lid or door, and with a common steam-boiler safety-valve, and is con- 
nected by one pipe with an exhausting air-pump, and by another pipe with a 
pressure-pump, for forcing the liquid into the pores of the wood. When the 
wood is mtroduced into the tank, it is nearly covered with the preservinfi^ 
liquid, and the tank is exhausted of its air. After a short time, air is rea£ 
mitted, and the liquid forced into the exhausted pores of the wood by the 
pressure-pump. In some cases, the penetration of the liquid requires to be 
assisted by applying a gentle heat to the outside of the tank ; in others, the 
liquid enters readily after the exhaustion, without the assistance of pressure. 
The escape of air from the pores of the wood is expedited by placing the 
logs of wood in a perpendicular or slanting position, with their top ends above 
the surface of the liquid. 

The apparatus used for injecting wood with a solution of chloride of zinc 
(Sir William Burnett's patent), at the Portsmouth dock-yard, consists of a 
cylinder of fifty-two feet in length, and six feet in diameter, capable of con- 
taining about nineteen or twenty loads of timber. It is fitted out with a set 

* ToL tUL N«w Miiei, IBU, p. 635. 
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of ezhaostingf-pamps, and a set of pressure-pumps, and iias been proved up 
to 200 pounds to the square inch. When the cylinder is loaded, the air is 
exhausted to 27*5 inches of mercury, and the liquid is introduced by a pipe 
in connexion with a reservoir. Air is then readmitted and pressure applied^ 
and as the wood absorbs the fluid, the cylinder is again exhausted and the 
pressure renewed, whereby the fluid is driven into every pore of the wood.* 

§ V. OTHER EEFECTS OF THE IMPREGNATION OF WOOD WITH 

FOREIGN SUBSTANCES. 

Besides protection from decay, whether the wood be kept in a dry or hu- 
mid stale, the following effects may be produced by impregnation with cer- 
tain foreign substances : — 

1. The increase of the hardness of the wood ; 

2. The preservation and increase of the flexibility, elasticity, and strength 
of the wood ; 

3. The reduction of the combustibility of the wood ; 

4. The prevention of the expansion and contraction of the wood, and the 
disjunctions which consequently occur in buildings through variations in the 
hygrometric condition of the atmosphere ; 

5. The application of various persistent colors and odors ; and 

6. The increase of the density of the wood. 

1. From the effects of wood prepared with pvrolignite of iron (page 82) 
on cutting tools, its hardness has been estimated oy workmen at double that 
of the unprepared wood. 

Of some specimens of beech impregnated by Mr. Hyett, a carpenter con- 
sidered that with acetate of copper to be the hardest ; those with comm(Mi 
salt, yellow prussiate of potash, sulphate of copper, and corrosive sublimate, 
to be next in hardness ; and those with pyrolignite of iron,, sulphate of iron, 
and nitrate of soda, next. Of some specimens of prepared larch, the hardest 
was that with pyrolignite of iron ; the next in hardness were those with sul- 
phate of iron and corrosive sublimate ; and the next, those with acetate of 
copper, sulphate of copper, and prussiate of potash. 

2. The flexibility and elasticity of wood may be preserved any lenfirtb of 
time, according to Dr. Boucherie, by slightly impregnating the woocT with 
some deliquescent substance, as a dilute solution of chlonde of cidcium or 
chloride of magnesium, by which a certain degree of humidity is always pre- 
served in the wood, if exposed to the atmosphere. The solution preferred 
by Dr. Boucherie, as the most economical, is the mother-liquor of the salt- 
works, which contains small quantities of each of the above chlorides. The 
flexibility and elasticity are stated to be in proportion to the quantity of saline 
Qiatter introduced. A plate of pine-wood charged with the mother-liqjuor, of 
three millimetres (*118 mch) in thickness, and sixty centimetres (23*6 mches) 
in length, was capable of being bent into three concentric circles without be- 
ing broken, and when allowed, would a^in become straight. Its flexibility 
and elasticity were found to be undimmished after the lapse of eigbteea 
months. 

Wood which contains a small quantity of chloride of calcium or chloride 
of magnesium does not become dry by exposure to the sun in the middle of 
summer, and the little moisture lost by the wood during the daj, is aeain ab- 
sorbed at night. The adherance of paints and resinous varnishes does not 
seem to be affected by the application of these deliquescent substances. 

The mother-liquor of salt-works would of itself tend to preserve the wood 
from decay ; for security, however, it is recommended to add to the solution 
about a finh part of the pyrolignite. 

But Mr. Hyett has been led to conclude, from his experiments, that the 
flexibility of wood does not depend in all cases on the presence of moistarOi 

* United Serrice Journal, April, 1841. 
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weie fiwDd to be tu more flexible tbaa a piece impregnated with cUorid* 
ealdmn. To Mcensin the ftexibiliif and atiength of wood impregiwud 
with diffemtt tabetwice*, three specimeiit of each tree were planed down to 
an inch aqaare, till they pasMd as aecaratelj ai possible thiougb a gauge, 
and cut to the length of loui fecL The lepgthi weie then placed hotizo*- 
tallf in a frame so constructed that a weight suipended from the middle 
cotud not raif its position from the inegolar bending of tbe piece ; the ends 
were supponed on props three feet apart The weights were applied as 
marked m the faHowing tahtee ever^ half-minute, and the deflection at the 
end of the interval, a^ the breaking point, were noted for each weight. 
The tables show the mean of the' three obserrationa for each piece. 
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* The numben refer to the table— pages 00, 91.; 

From the results of Mr. Hyett*s experiments, contained in the preceding 
tables, it appears that the strength of the wood may be greatly increased or 
diminished by impregation with foreign substances, and that it is most dimin- 
ished by those substances which tend most to preserve or increase the flexibili- 
ty of the wood. In the case of beech, the greatest deflection with a weight 
of 112 pounds is produced by nitrate of soda, chloride of sodium, and sulphate 
of copper ; but the pieces impregnated with nitrate of soda and chloride of 
sodium were the first to break, being unable to support a weight of 140 
pounds ; the piece with sulphate of copper broke next, under a weight of 161 
pomids. On the other hand, the piece of beech which showed least deflection 
with a given weight, namely that impregnated with prussiate of potash, was 
the strongest, and able to support the weight of 288 poimds. 

It is to be observed that the flexibility and strengtn of larch and beech are 
not affected in a similar manner by the same substance, but the experiments 
en both kinds of wood lead to the conclusion that those prepared pieces which 
are deflected most by a given weight are those which are broken soonest on 
increasing the weight, and the reverse. 

The preceding tables also lead to the important condition that the two 
different classes of trees, resinous and non-resinous, require very different 
treatment In the beech, and probably all other non-resinous trees, prussiate 
of potash and pyrolignite of iron are the only agents which do not impair the 
strength of the wood in its natural state ; while in the larch, prussiate of 
potash and sulphate of copper are the only substances which do not increase 
the strength of the wood. By far the greatest strength is imparted to beech 
by prussiate of potash ; on larch, the same agent produces no alteration. 
Sulphate of iron diminishes the strength of beech, but considerably increases 
that of larch. Sulphate of copper and acetate of copper also diminish the 
strength of beech, but not that of larch. 

• For beech, the sulphates of iron and copper are not so beneficial as the 
corresponding acetates ; diis circumstance may be referred to the corrosive 
action which sulphuric acid exerts on woody fibre, especially on that of trees 
which do not contain any resin. Acetic acid exerts no such corrosive in- 
fluence. 

Corrosive sublimate produces much the same effect on larch as on beech. 
The pyrolignite of iron may be considered the best sinele material to be wh 

Cied to both kinds of trees, but prussiate of potash is decidedly the best tot 
«ch, and chloride of calcium the best for larch. 

8. The reduction of the inflammability and combustibility of the wood is not 
the least important of the effects attainable by impregnation with saline sub- 
stances, especially common salt, chloride of calcium, and chloride of magnesium. 
Not only is the mflammability of the wood diminished, but its combusUon, 
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when fitirly commeoced, is rendered difficult by the aeeess of air to the eai^ 
bonized wood being impeded by the iliin film of fused alkaline or earthy salt. 
Two huts, one built of prepared wood, and the other of unprepared, were 
set on fire at the same time hj applying equal weights of the same lighted 
combustible matter. When the hut built of ordinaiy wood had become redu- 
ced to ashes, the interior surface of the other had hardly become carbonized 
(Dr. Boucherie). If perfectly dry, there appears to be httle or no difference 
between the inflammability of prepared and. unprepared wood. 

4. The expansions and contractions which wooa often experiences through 
changes in the hygrometric state of the atmosphere, and the consequent 
loosening of joints which thereby occurs, may also be prevented or diminished 
by impregnation with some deliquescent substance. According to Dr. 
slouch erie, wood containing a small amount of moisture is not subject to thesp 
changes in volume, and they may be entirely prevented by a little chloride 
of calcium or chloride of magnesium. A few large thin tables made of wood 
thus prepared underwent no change in form or size during a twelvemonth, 
while similar tables in the same situation, made of unprepared wood, became 
exceedingly warped. The addition of a little pyrolignite of iron to the deli- 
quescent substance is also recommended, to ensure durability. 

5. The colors which are most easily applied to wood by the aspirative pro- 
cess are those which are produced by double decomposition between two sub- 
stances in solution, the respective solutions being introduced into the wood 
consecutively. Thus, to produce a blue teint, the wood may be first impreg- 
nated with a solution of yellow prussiate of potash, and afterward with a 
solution of persulphate of iron ; or the same solutions may be applied in the 
reverse order. The teint in this case is derived from Prussian blue. A black 
teint may be imparted by introducing successively a solution of sulphuret 
of sodium and a solution of acetate of lead, whereby sulphuret of lead is pro- 
duced. Wood may also be stained black by introducing an infusion of galls 
and pyrolignite of iron. A green (Scheele's green^ may be applied by means 
of acetate of copper and arsenious acid ; a reddish orown (prussiate of copper), 
by sulphate of copper and yellow prussiate of potash : and a delicate yellow 
(chrome yellow), by acetate of lead and bichromate of potash. A solution of 
sulphate of copper, to which a slight excess of ammonia has been added, 
penetrates the wood with facility, and produces an agreeable bluish teint. 

As the impregnation is not effected equally through the whole substance 
of the wood, the teinting is not uniform, but in veins and waves, which pre- 
sent an agreeable appearance when the wood is worked up and polished. 

According to Mr. Hyett, different solutions do not penetrate the same parts 
with equal facility. In applying acetate of copper and prussiate of potash to 
larch, it was observed that the sap-wood was colored most, and the heart- 
wood least, when the acetate was introduced first. But when the prussiate 
was first applied, the heart- wood became most deeply colored. With sulphate 
or acetate of copper first, and prussiate of potash next, beech may be made to 
appear very much like mahogany. Iodide of lead and iodide of mercury can 
not be applied to wood with advantage as coloring materials. 

Pyrolignite of iron alone produces m beech a dark gray color, from the ac- 
tion of the tannin contained in the wood on the oxide of iron ; but in larch 
and Scotch fir it merely darkens the natural color of the wood. Prussiate of 
potash alone produces a dingy green color. The teints of most of these color- 
ing materials, especially of the prussiates of iron and copper, are improved by 
exposure to light ; and the richest colors are obtained when the process is 
rapidly executed. (Mr. Hyett.) 

Vegetable coloring^ matters do not easily penetrate the wood by the aspira- 
tive process, probably on account of the affinity of the woody fibre for the 
coloring principle, whereby the whole of the latter is abstracted from the so- 
lution by those parts of the wood with which it is brought at first into 
contact. 

Essential oils and other odoriferous matters may be easily introduced into 
the wood in a state of solution in weak alcohol ; and the odors Uius imparted 
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^ are considered to be as durable as those supplied by nature. Wood may also 

1 be impregnated with resinous substaBces in alcoholic solution, by which it 

may be rendered impervious to water, and far more inflammable. 
6. The increase which wood experiences in density by being impregnated 

with foreign substances is shown m the following tables drawn up from the 

experiments of Mr. Hyett: — 



SPECIFIC GRAVITY OF PREPARED BEECH. 



t No. in Table — Preparation. Specific cntTity. * 

pp. iM) and 91. F ^ ' 

\ No. 28. Dried two years over stove •• 681 

J « 26. Soaked in water two years, and dried in air three years 763 

« 2. Nitrateofsoda .' 809 

« 7. Sulphate of iron 832 

" 17. Natural state (green) 840 

'< 1. Corrosive sublimate 844 

[ " 5. Pyrolignite of iron 859 

' «« 8. Sulphate of copper 866 

" 3. Yellow prussiate of potash 876 

\ « 6. Chloride of sodium 888 

\ " 9. Acetate of copper and vinegar; 937 

i 

1 SPECIFIC GRAVITY OF PREPARED LARCH. 

' Ifo. in Table— - Preparation. Specific grayity. 

[ pp. 90 and 01. 

1 No. 24. Naturalstate (green) 488 

« 20. Sulphate of copper 533 

« 21. Corrosive sublimate 541 

<< 25. Yellow prussiate of potash 551 

« 22. Acetate of copper and vinegar 552 

«« 13. Chloride of calcium 560 

« 19. Sulphate of iron 595 

« 23. Pyrolignite of iron 608 

The most important results of Mr. Hyett's experiments on the best mate- 
rials for impregnating wood are imbodied in the following table. 
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DYEING AND CALICO-PRINTING.* 

f I. Bittory of Dyeing and Calico-Piinting.— n. General Propeitiei of Ve/retable ColoriBg Mattefi. 
— UI. General Nature of Dyeing Proceases.— lY. Calico-Printing Proceasea. 

In the yariouB operations of dyeing and -calico-printing are exhibited some 
of the most refined and ingenious applications ot chemical science. Though 
many processes in these arts were practised for a^es before any just views 
were entertained of the chemical nature of tinctorial substances'^ yet dyeing 
is strictly a chemical art, and it can not be properly understood wiUltout some 
acquaintance with the chemical properties of tne acting bodies. 

The great object of all dyeing operations is the impregnation of a textile 
fabric with colored substances derived from animals, vegetables, and Ibin- 
erals, in such a manner as to render them incapable of being removed VjT 
washing with water. The modes of effecting this object vary as greatly as 
the coloring matters difler from each other in their chemical habitudes. 
ThoUjgh the chemical reactions which are exhibited in the various dyeing and 
printing processes are, for the most part, sufficiently intelligible, yet they are 
sometimes of a highly complex character ; and the theoretical principles of a 
few valuable processes, discovered accidentally, are even yet but imperfectly 
understood. 

§ I. HISTORY OF DTEINO AND CALICO-PRINTING. 

In the East Indies, in Persia, in Egypt, and in Syria, the art of dyeing has 
been successfully practised from time immemorial. In the books oi the Pen- 
tateuch frequent mention is made of linen cloths dyed blue, purple, and scar- 
let, and of rams' skins dyed red ; and the works of the tabernacle, and the 
vestments of the high-priest, were enjoined to be of purple. 

The place of antiquity where dyeing was most extensively carried on, as 
the eeneral business of the inhabitants, was probably Tyre, the opulence of 
which city seems to have proceeded in a great measure from the sale of its 
rich and durable purple. This color was prized so highly, thjat in the time 
of Augustus a pound of wool dyed with tnat material cost, at Rome, a sum 
nearly equal to thirty pounds of'^ our money. The Tyrian purple is now gen- 
erally believed to have been derived from two different kinds of shell-lsh, 
described by Pliny under the names purpura and buccinun^ and was extracted 
from a particular organ in their throats to the amount of one drop from each 
fish. It is at first a colorless liquid, but by exposure to air and light becomes 
successively citron-yellow, green, azure, red, and, in the course of forty-eight 
hours, a brilliant purple. If the liquid is evaporated to dryness soon after 
being collected, the residue does not become colored in this manner. The 
purple is remarkable for its durability ; it resists the action even of caustic 
alkalies and most acids. Plutarch observes, in his Life of Alexander, that, at 
the taking of Susa, the Greeks found in the royal treasury of Darius a quan- 
tity of purple stuffs of the value of five thousand talents, which still retained 
its beauty, though it had lain there for one hundred and ninety years. The 
properties of the coloring juices of shell-fish have been investigated by. Cole, 
Gage, Plumier, Duhamel, and Reaumur, who have succeeded m procuring a 
purple dye, .though inferior to what may be obtained by other dye-stuffs. 

It does not appear that the art of dyeing was much cultivated in ancient 

* For a considerable portion of the materials from which the present article is compiled, I am in- 
debted to Mr. Mercer, of the Oakenshaw print-works, near Blackbtim, and to Mr. John Graham, of 
tt« Majjrfield print-works, Manchester. 
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Greece. In Rome it received a little more attention ; but very little is now 
known of the processes followed by the Roman dyers, sucl^ arts being held, 
by them, in too little estimation to be considered worth describing. The 
principal ingredients used by the Romans were the following : of vegetable 
matters — alkanet, archil, broom, madder, nutgalls, woad, and the seeds of 
pomegranate, and of an Egyptian acacia ; of mineral productions— copperas, , 
blue vitriol, and a native alum mixed with copperas. 

The progress of dyeing, as of ail other arts, was completely arrested in Eu- 
rope, for a considerable time, bv the invasion of the northern barbarians in 
the fifth century. In the East the art still continued to flourish, but it did not 
revive in Europe until toward the end of the twelfth, or the beginning of the 
thirteenth century. One of the principal places where dyeing was then prac- 
tised was Florence, where it is said there were no less than two hundred dye- 
ing establishments at work in the early part of the fourteenth century. One 
of the Florentine dyers having ascertained, in the Levant, a method of ex- 
tracting a coloring matter from the lichens which furnish archil, introduced 
this material into Florence on his return ; by its sale he acquired an immense 
fortune, and became one of the principal men of the city. 

The discovery of America tended greatly to the advancement of the art, as 
the dyers became supplied thence with several valuable coloring materials 
previously unknown m the old world ; among which are logwood, quercitron. 
Brazil-wood, cochineal, and annatto. A great improvement in dyeing also 
took place about the year 1560, which consisted in the introduction of a salt 
of tin as an occasional substitute for alum. With cochineal, the salt of tin 
was found to afford a color far surpassing in brilliancy any of the ancient dyes. 
The merit of this application is attributed to Cornelius Drebbel, a Dutch chem- 
ist, whose son-in-law established an extensive dye-house at Bow, near London, 
about the year 1563. 

About the middle of the sixteenth century, logwood and indigo began to be 
employed in Europe as dyes, but not without considerable opposition from the 
cultivators of the native woad. The use of logwood was prohibited in Eng- 
land, by Queen Elizabeth, by a very heavy penalty, and all found in the coun- 
try was ordered to be destroyed. Its use was not permitted in England till 
the reign of Charles II. Indigo, one of ihe most valuable and important of 
dye-stuffs, was also forbidden to be used in England and on the continent, and 
denounced as '* food for the devil.'* 

These, and similar prejudices, were gradually surmounted, and in the ei^rh- 
teenth centurv the art of dyeing made very considerable progress. Madder, 
from which tne color known as Turkey or Adrianople red is produced, then 
began to be jjroperly appreciated ; and quercitron, a fine yellow dye, was 
brought extensively into notice by Dr. Bancroft. But the chief improvements 
of the modems in this art consist in the emplovment of pure mordants, and 
in the application of colors derived from mineral compounds, as peroxide of 
iron, Prussian-blue, chrome-yellow, chrome-orange, manganese-orown, &c. 
Each of these coloring matters may be obtained as an insoluble precipitate on 
mixing together two solutions : in the dyeing processes the proper solutions 
are made to mix and produce the precipitate within the fibre, by impregna- 
ting it first with one solution, and afterward with the other. As the precipi- 
tate thus produced is imprisoned within the fibre, it is not removeable by mere 
washing with water. 

The mode of dyeing Turkey red, which is the most durable vegetable color 
known, was discovert in India. It was afterward practiseil in other parts of 
Asia and in Greece ; and, about the middle of last century, dye-works for this 
color were established near Rouen and in Languedoc by some Greek dyers. 
In 1765, the French government, convinced of the importance of |he process, 
caused an account of it to be published ; but it was not introduced into Eng- 
land until the end of last century, when a Turkey-red dye-house was estab- 
lished in Manchester by M. Borelle, a Frenchman. M. Borelle obtained a 
grant from government for the disclosure of his process, but the method 
which was publuhed does not appear to have been very successful. A better 
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fRNSem was introdttced into Glasgow about the same time by another Fren<!&« 
man, named Papillon. Previous to this, however, Mr. Wilson, of Ainsworth, 
near Manchester, had obtained the secret from the Greeks of Smyrna, and 
published it in two essays, read before the Literary and Philosophical Society 
of Manchester ; but the process was said to be expensive, tedious, and less 
applicable to manufactured goods than to cotton in the skein. The greater 
part of the Turkey-red dyeing executed in Great Britain is still carried cm in 
the Glasgow distnet. . 

The ancients seem to have attained considerable proficiency in the art of 
topical dyeing, or of producing colored patterns on cloths. The variegated 
linen cloths (n Sidon are noticed by Homer, who lived nine hundred years be* 
fore Christ, as very magnificent productions. In India the art of imparting a 
colored pattern to a cotton fabric has been practised with great success from 
time immemorial, and it derives its English name of calico-printing from Cal« 
iout, a town in the province of Malabar, where it was formerly practised on 
a very considerable scale. According to Herodotus, who wrote more than 
four hundred vears before Christ, the inhabitants of Caucasus adorned their 
garments witn representations of various animals by means of an aqueous in-^ 
fusion of the leaves of a tree ; and the colors thus obtained were said to be 
90 fast as to be incapable of being removed by washing, and as durable as the 
cloth itself. The material of which the cloths were made is not stated, bat 
they were probably woollen, as that part of Asia was then, as at present,^ 
celebrated for the superior quality of its wool. 

From the following account by Pliny of the nature of the process of topical 
dyeing practised by the ancient Egyptians, it would appear that this people 
had attained such proficiency in the art, as could only have been originally ac- 
quired by extensive practice and close observation. 

'* An extraordinary method of staining cloths is practised in Egypt. Th^ 
there take white cloths and apply to them, not colors, but certain drugs which 
have the power of absorbing or drinking in color ; and in the cloths so oper- 
ated on there is not the smallest appearance of any die or tincture. These 
cloths are then put in a caldron of some coloring matter, scalding hot, and 
after having remained a time are withdrawn, all stained and painted in vari- 
ous colors. This is indeed a wonderful process, seeing that there is, in the 
said caldron, only one kind of coloring material ; yet irom it the cloth ac** 
quires this and that color, and the boiling liquor itself also changes, accord- 
ing to the quality and nature of the dye-absorbing drugs which were at first 
laid on the white cloth. And these stains or colors, moreover, are so firmly 
fixed as to be incapable of being removed by washing. If the scalding liquor 
were composed of various tinctures and colors, it would doubtless have con- 
founded them all in one on the cloth ; but here one liquor gives a variety of 
o^ors, according to the drugs previously applied. The colors of the clothff- 
thus prepared are always more firm and durable than if the cloths were not 
dipped into the boilmg caldron." (Pliny, Hist. Nat., lib. xxxv., cap. 11.) In 
as few words the principle of the commcm operations of calico-printing could 
hardly be mdre accurately described. 

The pallampdorst or large cotton chintz counterpanes made in the East In- 
dies from a very eariy period, have similar dye-absorbing drugs applied to them 
by the pencil, and certain parts of the cloth are coated with wax to prevmt 
the absorption of color when immersed into the vessel containing the dye. 

The tdpkal dyeiiig'of cottdn gdods seemi^ to have been practised for a con- 
siderable time in Mesioo. When Cortex conquered that country, he sent to 
Charles' y. cottoa gsitfcsits with blaiek, red, yellow, greeny and blue fi^urea 
The North Ameri«»n'Indi«&cr have also been for a long time in possession of 
a mode of applyiitg'pattemff in dififereni colore to cloth. 

The att of calico-printing does not appear to have been mnieh practised m 
Europe untU the close of the set^nteenth or the beginning of the eighteenth 
century, when Augsburg became famous for its printed cottons and lineiiui; 
From that' city the manu&eturers of Alsace and Switzerland were long sup^ 
plied with coior«i]iixer$« dyers, &c. The fiist print-ground in England' 
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Icnnded by a Frenchman an the banks of the Thames near Richmond, and 
soon afterward a more considerable one was established at Bromley Hall in 
Essex. Several others were some time afterward founded in Surrey, in order 
to supply the London shops with chintzes, the importation of which from In* 
dia had been prohibited oy an act of parliament passed in 1700, on account 
of the excessive clamors of the silk and woollen weavers. Though merely 
intended as a protection to the Enfflish silk and woollen manufacturers, this 
act had the effect of ^eatly stimulating and increasing the infant art of cali- 
eo*printing ; for the demand for printed calicoes and chintzes could then be 
g[ratified only by printing, in this country, white Indian calicoes, the importa- 
tion of which was still allowed under a duty. An excise duty of threepence per 
square yard was imposed on the printed calicoes in 1712, which was mcreased 
to sixpence in 1714 ; but the importation of calico being still considerable, a 
new alarm was raised, and $i law enacted in 1720, which prohibited the weu- 
ing of all printed calicoes whatever, whether of foreign or home production. 
The operations of the printer were then confined to the printing of linens. 

The oppressive and absurd act of 1720 was repealed in 1730 ; but the cali- 
coes then permitted to be printed were to have the warp of linen and merely 
the heft or cotton, and were subject to a duty of sixpence per square yara. 
With such discouragements, the progress made in calico-printing was ex- 
tremely slow : so lately as the middle of last century it was computed that 
only fifty thousand pieces of the mixed cloths were printed annually in the 
whole of Great Britain ; whereas, at the present time, several mgnufacturers 
turn out as much as three and four hundred thousand pieces per annum each. 
The part of the act of 1730, by which the warp was required to be made of 
linep yam, was repealed in 1774 ; but the printed calicoes were still subject to 
a duty of threepence-halfpenny per square yard, the repeal of which in 1831 
has been of the utmost advantage both to the manufacturer and the consumer. 

The wonderful development which calico-i^inting has received within the 
last half-century is to be attributed, in a great measure, to the adaptation of 
numerous ingenious mechanical inventions. The improvement in patterns^ 
and the reduction in the price of cotton prints during tnis period, are striking 
illustrations of the advancement which has been made in machinery. The 
first improvement on the priginal wooden hand-printing block,* which is quite 
similar to the block of a wood-engraving, consisted in the substitution, for 
seme styles of work, of copper plates, about three feet square (similar to those 
employed for printing enfipravings on paper), on wbich a much more delicate 
pattern could be eneraved than on wood. The color being laid on the copper 
I^te and the superfluous color removed by a thin steel scraper, the plate was 
passed with the cloth through a press similar in principle to that of a copper* 
plate printer. The engraving of the plate was executed either by a common 
graver or by a punch. 

The greatest mechanical improvement ever effected in this art was the 
invention of cylinder or roller printing, which is said to have been first made 
by a caUco-prmter at Jouy in France, named Oberkampf, in whose hands 
alone it remained for some time. The invention appears also to have been 
nuide independently by a Scotchman of the name oi Bell, and was first sue* 
cessfullv applied in the large way about the year 1785, at Monsey near Pres- 
ton. Cylinder-printing has received its greatest development in Lancashire ; and 
the perfection to which the process has been there brouffht is the chief cause 
of the admitted superiority of our calico-printing establishments over those 
on the Continent, wnere cylinder-printing is comparatively but little practised. 

Prittting by the cylinder is executed with not only greater accuracy than 
l^ the wx)oden block, but with a saving of time and labor almost incredibler 
OKm cylinder maehine,- attended by one man to regulate the rollers, is capable 
of' printincf aa many pieces as a hundred men and a hundred girls could with 
the hand-block dun^ the same time ; or as much work may be executed by 
•'CyUiider machine in fonrmiaates aa by the ordinary method of block-print- 

• A description of the ▼aiioiif modes of pxlntlng cloths now pnctiied will be foond in another 
part of the present aitiele. 
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inf in six hours. A length of calico e^ual to one mile has been printed 6S 
with four different colors in a single hour. 

The successful application of an engrared copper cylinder was followed by 
that of a wooden roller baring the pattern in relief, the mode of printing by 
which is known as " surface printing." The " union" or " mule machine/' 
which is a combination in one machme of the engrayed copper cylinder with 
the wooden roller in relief, was inyented about 1805 by Mr. James Burton, of 
Church, near Blackburn. 

One of the most important of recent improrements in the mechanical de- . 
partment of calico-printing is a very ingenious method of executing block- 
printing with seyeral colors by press-work, in an arrangement similar to one 
of the modern type-printing machines. (An account of this mode of printing 
is contained in another section of the present paper.) Another important 
modern improvement, more particularly adapted to the press-machine, consists 
in the substitution of stereotype blocks made of a mixed metal, tin, lead, and 
bismuth, in the place of the wooden block. 

• During the last century the chemical principles of dyeing and calico-printing 
were investigated by Dufay, Hellot, Bergmann, Macquer, and Berthollet, and 
numerous and valuable improvements were suggested bv some of their re- 
searches. The application of chlorine, by Berthollet, to tne bJjsaching of tis- 
sues, especially cotton and flax, contributed in no small degree to the advance- 
ment of these arts ; it is during the present century, however, and from the 
researches qf numerous chemists still living, that they have received the most 
essential assistance from chemistry. The chief improvements introduced by 
the modems consist, as already observed, in the application of colors derived 
from mineral substances. Among the earliest introduced of this class of bo- 
dies, were iron buff and Scheele's green, which were followed by antimony 
orange (first applied by Mr. Mercer) and Prussian blue. The two chromates 
of lead (chrome-yellow and chrome-orange) were next introduced by M. 
EcBchlin of Mulhausen, in 1821, and a few years afterward, Mr. Mercer first 
applied, on the large scale, the peroxide of manganese, known as manganese 
bronze. 

§ II. GENERAL PROPERTIES OF VEGETABLE COLORING MATTERS. 

By far the greater number of the coloring matters employed in the art of 
dyeing are derived from vegetables, but the animal and mmeral kindoms also 
contribute a small number. Coloring principles are abundantly distributed 
over all the organs of vegetables, but never in a state of purity ; they are al- 
ways mixed, more or less, with other substances, and their isolation in a pure 
state often requires very complicated processes. Only a small number, com- 
paratively, of these substances have as yet been obtained sufficiently pure to 
nave their chemical composition determined. Like almost all other vegeta- 
ble principles, they are composed either of carbon, hydrogen, and otygen, or 
else of the preceding elements togetner with nitrogen, and have received par- 
ticular designations derived in general from the names of the plants by which 
they are furnished. The most common color of the vegetable kingdom is 
P^reen, but as the substance which gives rise to this color in leaves and trees 
IS of an unctuous nature, it can not be easily applied to cloth : to obtain a 
green, the dyer generally has recourse to the admixture of a yellow with a 
blue coloring matter. It is remarkable that the most vivid and brilliant of 
vegetable colors, namely, those of flowers and other parts of the plant ex- 
posed to solar light, are so small in quantity, and so fugitive, that they are of 
all the most di&ult to isolate. In the organs which are protected from the 
light, as Uie interior of stems, branches and roots, the coloring matters are 
generally devoid of all brilliancy, but when separated from the accompanying 
substances, they exhibit considerable lustre, and are by far the most durable. 

Nearly all the Coloring matters of plants which are capable of being isola- 
ted are yellow, brown, and red ; the only blue substances which have been 
procured from plants are indigo and litmus, and no black vegetable sub- 
stance, strictly speaking, has ever been isolated. 
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As a particular class of bodies, vegetable coloring matters do not possess 
many chemical characters in common ; they are associated rather on accomit 
of their common application in the arts, than from the possession of similar 
properties. Most oi them are entitled to be ranked among acids, but others 
are strictly neutral. By far the greater number of them are soluble in water, 
and always in larger proportion in hot than cold water. Those which are 
insoluble in water generally dissolve in alcohol, ether, and fixed oils. 

In dry air, vegetable coloring matters appear to be permanent, but in humid 
air, and especially under the influence of the solar rays, they gradually lose 
color, and become converted, by the absorption of oxygen from the air, into 
yellowish brown or colorless compounds. The ultimate action of air or oxy- 
gen on organic coloring matters in the presence of moisture, is to convert their 
caif^on into carbonic acid, and their hydrogen into water. Solutions of organic 
coloring matters in water are acted on by oxygen with far greater facility than 
the dry colors. « 

The color of some of these bodies is changed in a very remarkable manner 
by the application of acids and alkalies. The blue color of most flowers, that 
of the flowers of the violet, for instance, is rendered red by acids, and green 
by alkalies* The purple infusion obtained by boiling red cabbage in water 
is afi*ected in a similar manner ; acids produce with it a lively red, and alka- 
lies a full green. It the dried petals of the red rose are digested in spirits of 
wine, or hot water, they Jose their color without affording any, or at most 
only a trace of color to the liquid. On adding a few drops of sulphuric acid, 
however, the liquid immediately acquires a fine red color, and, if a slight ex- 
cess of an alkali is afterward added, it becomes green. The change from red 
to green may be produced indefinitely. The purple color of litmus is rendered 
red by an acid, and blue, not green, by an alkali. 

Some animal and vegetable coloring matters must undoubtedly be regarded 
as neutral bodies, that is, as possessing neither the characters oi an acid nor 
those of a base ; but most of them, particularly such as are soluble in water, 
have all the essential characters of a weak acid, being capable of uniting with 
and neutralizing salifiable bases, as potash, soda, lime, magnesia, alumina, 
&c. This tendency to combination is not confined, as some have supposed, 
to soluble coloring matters and insoluble bases ; but the union is more obvious 
in such cases, as the resulting compound is always insoluble, while soluble 
bases usually form soluble compounds with soluble coloring matters. 

For alumina and certain metallic peroxides, especially peroxide of iron and 

?eroxide of tin, some organic coloring matters possess an energetic attraction. 
*be pigments commonly called lakes are insoluble compounds of coloring 
matters with alumina or oxide of tin, which* may be formed by mixing a so- 
lution of alum or of perchloride of tin* with the uifusion of the dye-stuff", and 
adding afterward an alkaline carbonate to liberate peroxide of tin or alumina : 
as the latter precipitates, it unites with and carries down the coloring matter 
in solution, frequently leaving the supernatant liquid entirely colorless. The 
infusion of the dye-stuff* is sometimes made with an alkaline liquor and mixed 
with a solution of alum after being filtered. In this way yellow lake is made 
with a decoction of turmeric, and annatto and quercitron lakes from the re- 
spective dye-stuffs. 

Important applications are made in dyeing and calico-printing of the attrac- 
tion which exists between alumina and metallic peroxides on the one hand, 
and organic coloring principles on the other. By first impregnating a piece 
of cloth with alumina, green, oxide of chromium, peroxide of iron, or peroxide 
of tin, and then dipping it into the infusion of the dye-stuff*, the coloring mat- 
ter leaves the solution to unite with the base, forming an insoluble compound, 
whereby it becomes strongly attached to the tissue, and is rendered less sus- 
ciSptible of alteration by the air, the solar rays, and other decomposing agents. 
The attractive force of coloring matters for insoluble bases has been regard- 
ed by some as a mere attraction of surface, analogous to, if not identical with, 
the force of cohesion or adhesion, being the same as the attractive power by 

• ConuBODly called spirits of tin. 
7 
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which charcoal is enabled to withdraw eolorioff substances from their aola- 
tions, and also the same as that by which a solid body condenses a permanent 
ffas upon its surface. This mechanical attraction, which always exerts itself 
between a solid on the one hand, and a substance in solution or a gas on the 
other, depends entirely on the state of the surface of the solid, and is in no 
way connected with the chemical relations of the combining substances. 

But the combinations of alumina, &c., with soluble colonng matters seem 
to be cases of true chemical combinations, taking place in definite propor- 
tions, and under the influence of different degrees of attractive force for differ- 
ent coloring principles. Thus, alumina has a stronger attraction for the col- 
oring principle of madder than for that of logwood, and a stronger attraction 
for 3iat of logwood than for that of quercitron. When a piece of cloth im- 
pregnated with alumina is immersed in a decoction of quercitron bark, it ac- 
quires a fast yellow color ; if the same cloth is washed for some time and 
kept in a hot decoction of logwood, the alumina parts with the coloring prin- 
ciple of quercitron to combine with that of logwood, and the color of the cloth 
becomes changed from yellow to purple. If the same cloth is next immersed 
for a 'few hours in a hot infusion of madder, the alumina parts with the col- 
oring principle of logwood to unite with that of madder, the color of the cloth 
changing from purple to red. The quantity of alumina on the cloth does not 
appear to diminish while these substitutions are taking place. These inter- 
esting facts were communicated to me by Mr. John Thorn, of the Mayfield 
print-works. 

By contact with chlorine, and in presence of a little moisture, the color of 
most, but not all, vegetable and animal dye-stuffs, is instantly destroyed ; 
the organic substance is decomposed, being commonly converted into colorless 
products, from which the original color can not be reproduced by any known 
process. In at least one case, however, which is that of indigo, the color is 
reproducible after having been discharged by chlorine, provid^ the quantity 
of chlorine applied to the indigo has been no more than sufficient to change 
the blue color to a buff, and not enough to destroy all color. The rich crim- 
son color into which some preparations of indigo are changed by chlorine is 
also convertible into blue, though not to so deep a shade as the onginal indigo 
(Mr. Mercer). 

In most cases of the destruction of vegetable colors by chlorine, the decom- 
position is effected, without doubt, through the powerful affinity of chlorine 
for hydrogen, which may be manifested in two ways; 1st, in the direct 
abstraction of hydrogen from the organic substance, and 2dly, in the decom- 
position of water, the hydrogen of which unites with the chlorine to form 
hydrochloric acid, while the oxygen of the water decomposes the coloring 
matter, forming carbonic acid with its carbon, and water with its hydrogen. 
Chlorine does not bleech readily in the absence of all jmoisture, and hydrochloric 
and carbonic acids may generally be discovered among the products. In a few 
cases, however, the bleaching action of chlorine simply consists in the direct 
combination of the chlorine with the coloring matter to form a compound which 
is devoid of color. 

Chromic acid is another powerful bleaching agent, which acts by affording 
oxygen to the coloring matter, becoming itself reduced to the state of green 
oxide of chromium. The color of the vcj^etable substance is even more readily 
destroyed than if chlorine had been applied. 

Most vegetable coloring matters are also bleached by sulphurous acid in the 
presence of water. The acti(Hi of this substance is not so energetic as that 
of chlorine, and differs from it essentially in the eixcumataace that the colors 
are not entirely destroyed, but may in general be restored by exposure to the 
air, or by the application of a strcoiger acid or an alkali. 

It is uncertain whether the bleaching power of sulphurous acid dep«td& on 
the partial deoxidation of the coloring matter, or on. the union of the siUf»biirous 
acid with the coloring matter to form a colorless caaaJuiiftlion. 

Charcoal has also heea classed among Ueaching agents^ as it readily with- 
draws coloring matters from their solutions, frequ^tly leaving the supernatant 
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hqoid entirely; coicwless. The charcoal which absorbs coloring matters with 
most avidity is that obtained by the calcination of bones and other animal 
matters, the superiority of which seems to depend merely on its minute state 
(^division, whereby the contact of the liquid and charcoal is rendered more 
perfect. The action of charcoal in bleaching vegetable infusions is altogether 
different frojoi that of chlorine, and also from that of sulphurous acid. The 
coloring matter is not decomposed, but is merely mechanically attached to 
the surface of the charcoal, without having experienced any chemical altera- 
tion whatever. 

When brought into contact with deoxidizing agents, several organic coloring 
matters part with a portion of their oxygen, and at the same time lose their 
color. But if afterward exposed to the air, or any source of free oxygen, the 
deoxidized bodies reassumf oxygen, and with that element their original 
color. The colored bodies would therefore appear to be compounds of oxygen 
with a colorless radical. The alternate reduction and oxidation may be prac- 
tised on the same substance indefinitely. As examples of coloring matters 
susceptible of these changes, may be mentioned litmus, logwood. Brazil-wood, 
sapanwood, peach wood, red beet-root, and the red cabbage. The most con- 
venient deoxidizing agents to be employed in such experiments are the fol- 
lowing: — * 

It'. A mixture of granulated or feathered tin and a caustic alkali. 

2o. Protoxide of iron, or protoxide of tin, recently precipitated, and still 
moist. 

30. Hy^dro^en gas, applied in the nascent state, by introducing a piece of 
zinc or iron mto the infusion of the coloring matter, rendered acid by the addi- 
tion of muriatic or sulphuric acid. 

40. Sulphuretted hydrogen gas, a stream of which may be passed through 
the colored infusion, or the latter may be agitated in a jar containing the gas. 
As the color disappears, a' whitish precipitate of sulphur id produced* 

50. Double metaulic sulphur salts containing an alkaline sulphuret, such as 
the sulphuret of arsenic and potassium (sulpharsenite of potash). 

It is worthy of note that the colorless or white radicals of Brazil-wood, log- 
wood, sapanwood, &c., do not unite with alumina and metallic peroxides to 
form insoluble compounds or lakes, like their oxides, or the true coloring 
matters. 

Other vegetable coloring principles than those above mentioned become 
converted into colorless substances when exposed to the action of deoxidizing 
agents, but the chemical change which some of them suffer appears to be the 
acquisition of hydrogen instead of the yielding up of oxygen. When exposed 
to the air or other source of free oxygen, this hydrogen is removed, and the 
original color returns. Indigo is one of the coloring matters susceptible of 
mich changes. 

Several coloring principles are contained in the plants from which they are 
derived in their white, deoxidized, or hydruretted state. Such is the case, for 
example, tirith indigo. That substance does not exist in the blue or dehydru- 
retted state in the plant by which it is furnished, but as white indigo, or indi- 
gotin, the colorless hydruret of indigo-blue. Most vegetable juices, the recent 
pulp of fruits, detached leaves, &c., become colored brown and yellow by ex- 
posure to the air, from the absorption of oxygen. If carefully kept in a vessel of 
some gas devoid of free oxygen, such bodies experience no change in color. 

Coloring matters have the property of aniting with animal and vegetable 
tissues, by virtue of an attraction of surikce quite similar to that by which 
they unite to animal charcoal. When wdl-scoured wool or silk is digested 
in a decoction of cochineal, logwood, or BrazS-wo^d, or a section of sulphate 
of indigOf it abstracts the color so completely as to leave the liquid coloriess, 
as if animal charcoal had been introduced. The affinity of vegetable tissues 
for coloring matters is in general not so great as that of animal tissues for the 
same substances. The vegetable fibre readily combines with a coloring mate- 
rial ; but unless the latter is insoluble in water, the combination is exceedingf^r 
feeble. A familiar example of the affimty of the vcgetabile fibre for oigan» 
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coloring matters is presented in the staining of a linen napkin by red wine. 
The portion of the cloth on which the wine falls soon abstracts the whole 
odor from the liquid, becoming dyed red ; but beyond the spot thus produced, 
the cloth becomes moist without acquiring an appreciable color, the wine 
having been deprived of all its color by the portion of the cloth ,with which it 
came first into contact. The attractive force by which this result is obtained 
must not be considered as peculiarly subsisting between tissues* and organic 
coloring matters, as many mineral substances are withdrawn from their solu- 
tions by tissues in quite a similar manner. Thus, cotton cloth readily separates 
lime from lime-water,* and the insoluble sulphate of alumina from an aqueous 
solution of basic alum. 

Vegetable and animal coloring principles are divisible into two classes, with 
reference to their solubility or insolubility in water. Those which are soluble 
readily attach themselves to tissues, but only with a feeble affinity, as they 
may be separated by continued washing in water, especially with the assis- 
tance of heat. Logwood, madder, Brazil-wood, cochineal, and in fact, the 
greater number of dye-stuffs, belong to this class. To unite them firmly to a 
tissue, another substance is applied, which possesses the property of forming 
an insoluble combination witn the coloring matter. Those coloring^matters 
which are of themselves insoluble, or but slightly' soluble in water, generally 
form, as might be expected, much faster combinations with tissues. Indigo, 
annatto, safilower, and such yellow and brown dyes as contain tannin combined 
with substances of the nature of apotb^me, are the principal members of this 
class. To effect their solution, some other solvent than pure water must be 
applied. Thus, indigo is dissolved by bringing it, through the action of a 
deoxidizing agent, to the state of white indigo or indigotin, which is soluble 
in water in the presence of an alkali or some lime. If a piece of cloth is dip- 
ped into such a solution, the white indigo is absorbed into the pores of the 
fibres, and on exposing the cloth to the air, imbibes oxygen, by which it 
becomes converted into the original insoluble indigo blue. The latter remains 
firmly attached to the fibre, bemg imprisomed within the pores, and therefore 
incapable of being removed by mere washing in water. The coloring matters 
of annatto and safflower, though very sparingly soluble in water, are easily 
dissolved by alkaline liquids, from which they may be precipitated on the 
addition of an acid. A piece of silk might be dyed with either of these colors, 
by first impregnating it with the alkaline infusion of the dye-stuff, and then 
passing it through a weak acid : the best method, however, of dyeing both 
silk and cotton with annatto or safflower is by wincina^ the piece in an imper- 
fectly neutralized alkaline infusion of the dye-stuff, which contains the color- 
ing matter in a state of feeble suspension, readily precipitated on a solid body 
presenting a finely-divided surface, such as cloth. The partial neutralization 
of the alkali in this process is effected by a very weak acid, or an acidulous 
salt, such as bitartrate of potash (cream of tartar). 

Such are the principal general properties of organic coloring principles, a 
knowledge of which is of the highest importance to the practical dyer and 
calico-prmter. But these bodies differ so much from each othiBr in many re- 
spects, that the best means of extracting them from the organs by which they 
are produced, and the most effectual manner of applying them to textile fabrics, 
can only be discovered by the accurate investigation of the chemical and gene- 
ral properties of each distinct coloring matter separately. 

Nature of Color. — The appearance of color may almost be regarded as an 
optical delusion, since it does not exist in the object, but in the li^t which the 
object reflects. It is well known that a ray of white light from the sun is 
resolvable into three rays of the primary colors, red, yellow, and blue. As 
a mixture or combination of these three colored rays, white or colorless light 

* The separation of lime from lime-water by cotton cloth is exhibited when a drop of a solution 
of bleaching powder (which always contains free lime) is allowed to fall on a piece of cotton dyed 
with indigo. On the spot where the solution first touches the cloth, the color remains unaltered, 
the lime only having been there intimately absorbed ; but on the ring surrounding this spot, tha 
color becomes diichArged through the action of the chloride of lime. 
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may be eonsidered, the absence of color depending on the exact equilibrium 
of the three. When the colored rays are partially separated by the refractive 
force of a glass prism, an image or spectrum is obtained, presenting seven 
different colors, namely, red, orange, yellow, green, blue, indigo, and violet. 
The orange, green, indigo, and violet teints proceed from the intermixture in 
various proportions of the three primary rays. 

Among opaque substances, there are some which completely absorb the 
three colored rays incident on their surface, and therefore, having no light to 
reflect to the eye, appear black. Others, on the contrary, reflect all the light, 
and are consequently white. But others possess the power of decomposing 
the light, that is, of absorbing the whole or a portion of one of the three 
primary rays and reflecting the remainder ; or, it may be, of absorbing unequal 
proportions of each of the 'three rays. When such is the case, the body ap- 
pears to be colored, not from, the inherent possession of a color, but because 
the light which it reflects to the eye is not homogeneous white light. A blue 
substance, for example, is said to reflect tlie blue rays only, or in ^eatest pro- 
portion, the yellow and red rays being absorbed. If red, it is said to absorb 
the yellow and blue rays, and reflect the red ; and by the absorption of the 
rays in unequal proportiohs, and by the reflection of more or less of the white 
or undecomposed light, every shade of color may be produced. The same re- 
marks apply to transparent colored substances ; only, instead of the decom- 
posed lignt being reflected to the eye, it is transmitted. According to this 
manner of viewing the coloring- principle, it has been observed that the art of 
dyeing consists in fixing upon stuffs, by means of molecular attraction, sub- 
stances which act upon light in a manner different from the stuffs themselves. 

The production of white by the combination of the three primary colors is 
practised in one of the finishing operations to which goods are subjected in the 
process of bleaching. To whatever length the ordinary operations may be 
continued, some kinds of goods always retain a brownish-yellow hue, wnich 
may be removed, and a pure white imparted, by applying a little smalts, in- 
digo, archil, or a mixture of Prussian -blue and cochineal pink. In such cases 
the blue, or mixture of blue and pink, supplies the teints necessary to the pro- 
duction of white with the brownish-yellow color of the goods. But when the 
dyer attempts to form white by combining red, yellow, and blue, he often ob- 
tains a dark brown, or black, because the resulting combination does not re- 
flect as much light as the three colored ingredients separately. 

The following alphabetical list of coloring matters, with their origin, uses, 
and principal chemical characters, may prove useful for reference. The his- 
tory and applications of some of them will be fully discussed in separate arti- 
cles. 

I. LIST OF VEGETABLE AND ANIMAL COLORING MATTERS. 

Alkanet, — The root of the Anchusa tinctoria. Its coloring principle, which 
is red, is nearly insoluble in water, but soluble in alcohol, ether, oil of turpen- 
tine, and fixed oils. It is used as a coloring matter for ointments and other 
unctuous preparations, but not in dyeing. 

A variety of alkanet was formerly met with in commerce, derived from the 
roots of the Lawsonia inermis* 

Annatto, — ^A hard paste prepared by inspissating the washings from the 
fermented seeds of the Bixa orellana. Its coloring matter is yellowish-red, 
nearly insoluble in water, soluble in alcohol and alkaline liquids. It forms an 
orange-colored compound with alumina, a citron-yellow compound with prot- 
oxide of tin, and a greenish-yellow compound with protoxide of copper. It 
IS used to dye silks golden-yellow, by simply digesting the goods in an alkaline 
solution of annatto, and orange-red by exposing them afterward to the action 
of a dilute acid. It is also used to dye cotton yellow, with the aluminate of 
potash as the mordant, and as a coloring matter for cheese. 

Archil, — ^A violet-colored paste, made from different species of lichens : that 



102 DYEING AND CALICO-PRINTING. 

of the Cananes, which is the most esteemed, is from the lichen roeeUtu; lad 
that of Aurergne, from the lichenparellus. Litmus^ turnsole^ and cudbear *9xe 
merely modifications of archil. The coloring principle of these dye-staffs is 
soluhle in water and alcohol, and its color is changed by the weakest acids 
from purple or yiolet to bright red. It is a brilliant color, but possesses little 
permanence, and is chiefly used to give a violet or purple bloom as a finish to 
silks and woollen cloths already dyed with other colors. It is rarely used for 
cotton goods. 

Barwood. — This is a dull red dye-stuff, the coloring matter of which is only 
slightly soluble in water, but sufi&ciently so for dyeing without the application 
of another solvent, such as an alkaline liquid, in which it dissolves with facilit^r. 
It gives red compounds with alumina and peroxide of tin, and is mostly used 
for dyeing silks and woollen cloth. The coloring matter of camwood is quite 
similar in its properties to that of barwood, but is somewhat brighter in color. 
Both barwood and camwood possess much more permanence than peachwood, 
for which they are now frequently used as substitutes. 

Brazil-wood, — This and Sapanwood, Fernambouc-wood, Peachwood, and 
Nicaragua-woodf are derived from certain species of Cesalpina. Their coloring 
matter, which seems to be identical, is red soluble in water, rendered purple 
or blue by alkalies, and yellow by acids. It forms a red compound widi 
alumina, a black compound with peroxide of iron, a violet compomid with 
protoxide of tin, and a rose-colored compound with peroxide of tin. It is of 
Itself a fugitive colgr, being easily bleached by light with exposure to the air; 
but its stability is considerably increased by being combined with peroxide of 
tin or alumina. It is used in dyeing wool, silk, and cotton, with the tin and 
aluminous mordants. Of these woods peachwood and sapanwood are the 
most extensively employed at present. 

Camwood, — (See Barwood.) 

Catechu, or Terra Japonica, — This is an extract from the heart-wood of the 
khair-tree of Bombay and Bengal (mimosa catechu), made by evaporating the 
decoction of the wood nearly to dryness. Its chief constituent is a variety of 
tannin, differing slightly in its characters from that contained in galls. Catechu 
is very soluble m water and alcohol, with the exception of a little earthy mat- 
ter. It ^ives a rich brown-gray color with nitrate of iron, a fast bronze by 
being oxidized through the agency of a mixture of sulphate or nitrate of copper 
and muriate of ammonia, a orownish-yellow with protochloride of tin, aad a 
reddish-brown with acetate of alumina. It is extensively used in calico-print- 
ing as a topical brown, when mixed with nitrate, sulphate, or acetate of cop- 
per, and sal-ammoniac. 

Cochineal,— A. female, insect found on the cactus opuntia or nopal, dried. 
Its coloring principle, termed coccinellin, is naturally of a purplish-red color ; 
it is soluble in water and weak alcohol ; its color is changed to red by acids, 
and to crimson by alkalies. It forms a fine crimson compound with alumina, 
a violet compound with protoxide of tin, and a scarlet compound with peroxide 
o»f tin. Wool and silk are dyed of a fine scarlet by means of a mixture of decoc- 
tion of cochineal with cream of tartar and dyers' spirit, which is a mixture of 
protochloride and perchioride of tin ; and of a crimson, by a decoction of 
cochineal with alum and perchioride of tin. Cochineal is also used in the 
preparation of the pigment called carmine. 

Cudbear, — (See Archil.) 

French Berries, called also Avignon berries and Persian berries,^-The firuit 
of the rhamnus infectorius. The berries afford a bright yellow liquid when 
boiled in water, which gives a golden-yellow color with protochloride of tin, 
a lemon-vellow with peroxide of tin, a rich yellow with alumina, and a drab 
with a salt of iron. They are much used as a bright yellow topical color when 
combined with a tin or aluminous mordant. 

Fustet or Yellow Fustic, — The wood of the rhus cotinus, the coloring matter 
of which is yellow. Being a fugitive dye-stuff, it is very little employed at 
present in dyeing processes. 

FuMtic or Old Fustic, — The wood of the m<mis tinctoria. Its aqueous decoc- 
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lion is orangte-colored, and is brightened by cream of tartar, alum and solatian 
of tin. Its principal use is to dye woollen and cotton cloths of a permanent 
yellow with an aluminous mordant. It is also used to produce a brownish 
teint with copperas. 

Indigo, — A blue insoluble pigment procured by the oxidation of a colorless 
substance (indigotin) contained in the leaves of the indigofera, by subjecting 
the leaves to a process of fermentation. Indigo blue may be reconverted to 
indigotin by applying a deoxidizing agent, and then becomes soluble in alkaline 
liquids, in which form it may be applied to cloth (see page 100). 

Kermes grains. — Dried female insects of the species coccus ilicis, which are 
found on the leaves of the quercus Hex or prickly oak. The decoction of ker- 
mes in water is red, and is rendered brownish by acids, and violet by alkalies. 
Kermes was formerly much used as a crimson dye with a mordant of alum, 
but it is now superseded by cochineal and lac-dye. 

Lac'dye. — Stick-lac is an exudation produced by the puncture of an insect 
on the branches of several plants, by which the twig becomes incrasted with a 
brownish-red resin. This is a complicated mixture, containing a small portion 
of a red coloring matter quite similar to that of cochineal. Lac^dye is the 
residue of the evaporation of the aqueous infusion of ground stick-lac. It is 
employed to dye wool of a brilliant scarlet color with a mordant of dyers' spirit. 
The solution of the lac for this purpose is effected in very dilute muriatic acid. 

Litmus. — (See Archil.) 

Logwood. — (Campeachjr wood.) — The wood of the hccmatoxylon campechi* 
anum. Though the coloring principle of logwood is red in its natural state, 
yet it forms blue or violet compoimds with almost aJI metallic oxides. It is 
soluble in water, affording a reddish liquid, which is rendered purple by alka- 
lies, or, if added in excess, brownish-yellow. It is employed in dyemg all 
kinds of stuffs of a variety of shades between lig^ht purple and black with an 
aluminous mordant, and between lilac and black with the acetate of iron as 
the mordant. 

Madder. — Dutch madder is the root of the ruhia tinctorumy and Turkey and 
French madder that of the rubia peremna. According to M. Runge, madder 
contains five distinct coloring principles ; madder red (called also alizarine)^ 
madder purple, madder orange, madder yellow, and madder brown. Madder 
red is soluble in water, but only in small proportion, and therefore can not be 
employed in a concentrated solution. It is very extensively used in the dye- 
ing and printing of coiton goods for the production of a permanent bright red 
color with an aluminous mordant ; of a lilac, purple, and black, with oxide 
of iron ; and of a variety of shades of chocolate with a mixture of the iron 
and aluminous mordants, with or without the addition of sumach. Turkey 
madder is preferred for producing the Turkey-red dye, pinks, and light lilacs ; 
and Dutch madder for producing purples, chocolate, and black. A form of 
madder containing more coloring matter than the natural root is now met with 
in commerce, under the name of garancine. This article is said to be prepared 
by digesting powdered madder "in cold oil of vitriol, which destroys most 
of the constituents of the root, but leaves the red coloring matter unaltered. 

Nicaragua'Wood.^(See Brazil-wood.) 

Peachwood. — {See 6razil-wood.) 

Quercitron. — The bark of the quercus nigra, or yellow oak, which grows in 
North America. Its coloring principle, which is yellow, is very soluble in 
water. Quercitron is much used to impart a yellow color to cotton with the 
intervention of an aluminous mordant, and to produce drabs with an iron mor- 
dant, and olives with a mixture <5f the iron and aluminous mordants. It is alsto 
much used, when mixed with a small quantity of madder, to produce an 
orange with a mordant of alumina. 

Safflower. — The flowers of the carthamus tinctorius. Safflower contains 
two coloring matters ; a yellow substance soluble in water, which is of no 
value in dyeing ; and a fine^ed substance, insoluble in water, but soluble in 
an alkaline liquid. It is used to dye silk and cotton of a rose color by wincing 
the piece in an imperfectly neutralized alkaline infusicoi of the dye-stuff. 
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Sandal^ufood. (Red Sanders wood.) — The wood of the oterocarfms santa' 
linns. Its coIoriDg matter is red, scarcely sohible in water, out soluble in alka- 
line lyes. The color may be applied to tissues by dipping them alternately 
in an alkaline decoction of sandal-wood and in some acidulous liquid. It does 
not stand exposure to light well. 

Sapanwood. — (See Brazil-wood.) 

Sumachy Galls, Valonia, and Sawtoort. — These and some other astringent 
vegetable productions are used to impart to cloth a variety of shades from ^ate 
color to black, with peroxide of iron as the mordant. These matters can hardly 
be classed among coloring matters, as their active ingredients, tannic and 
gallic acids, are white when pure. By uniting with peroxide of iron, however, 
these acids form bluish-black compounds, which are the basis of common 
writing-ink, and may^ be communicated to cloth by first boiling the piece in a 
decoction of the astrmgent material, and afterward digesting it in a solution of 
copperas. An infusion of logwood is commonly added to the solution of cop- 
peras. Vegetable astringent principles are also used in some other dyeing 
processes, in which their action seems to partake of that of a mordant. 

Turmeric. — The root of the curcuma longa. Its coloring principle, which 
is orange-yellow, is slightly soluble in water, and readily soluble in an alkaline 
solution, becoming dark brown. As a dye, it is applied only to silk. 

Turnsole. — (See Archil.) 

Weld. — The entire dried plant, reseda luteola. Its decoction in water is 
yellow. Silk, woollen, and cotton goods may be dyed of a permanent and 
bright yellow by a decoction of weld with alumina or peroxide of tin as the 
mordant. With the latter, weld affords to cloth the fastest vegetable yellow 
color we possess. 

Woad. — ^The coloring matter of this plant {isatis tinctoria) seems to be 
identical with indigo. Woad is commonly employed as a fermentative ^ 
to indigo in the pajstel vat. 

II. LIST OF MINERAL COLORS EMPLOYED IN DTEING. 

• 

Antimony Orange, — This orange-red substance has been applied to cloth by 
passing the piece through a solution of the sulphuret of antimony and a little 
sulphur ia a caustic alkali, and afterward exposing it to the air to precipitate 
the sulphuret, through the absorption of carbonic acid. 

Arseniate of Chromium. — This is a fine grass-green colored compound, which 
may be imparted to cloth, by the application, first of a solution of chloride of 
chromium, and afterward of a solution of arseniate of soda. 

Chrome-Yellowt or Chromate of Lead. — The color of this pigment is bright 
yellow ; it may be communicated to cloth by the consecutive application of 
solutions of acetate or nitrate of lead and bichromate of potash ; or the oxide 
of lead may be first fixed on the cloth in an insoluble state, as carbonate, tar* 
trate, or sulphate. It consists of one equivalent of chromic acid and one 
equivalent of oxide of lead. 

Chromc'Orange, or Subchromate of Lead. — This is a dark orange-red pi^ent, 
consisting of one equivalent of chromic acid and two equivalents of oxide of 
lead. To apply it to cotton, the piece is first dyed with chrome-yellow, and 
is afterward passed through hot milk of lime, by which a portion of the chromic 
acid of the chrome-yellow is separated. 

Manganese Brown (Hydrated Peroxide of Manganese). — Cloth is dyed with 
this suBstance by being passed, first, through a solution of sulphate or chloride 
of manganese ; next, through a caustic alkaline solution, to precipitate pro- 
toxide of manganese ; and lastly through a solution of chloride of lime, to con- 
vert the protoxide of manganese into peroxide ; or the peroxidation may be 
effected by mere exposure to air. 

Orpimeni (Sulpharsenious Acid). — This is a bright but alterable yellow, 
whicn may oe communicated to silk, wool, and cotton, by first passmg the 
goods through a solution of orpiment in ammonia, and afterward suspending 
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them in a wsna atmosphere to volatilize the ammonia and precipitate the 
orpiment. This substance is aometimes applied in the form of a solution in a 
caaatic fixed alkali, in which case the precipitation is afterward elTected by 
passing the cloth through dilute sulphuric acid. 

PtTOXide of Iron {Iron Buff) — This oiide is applied to cloth to produce a 
yello wish-brown shade of different intensities, by passing the piece through a 
solution of a salt of the peroxide of iron, and a solution of an alkaline carbonate. 



PrussiaCe ofCopper.^A. delicate cinnamon color is sometimes communicated 
to cotton by means of this substance, which is applied by first passing the 
cloth through a solution of sulphate of copper, then through a dilute alkali to 
precipitate oiide of copper, and lastly, wiucing iu a solution of yellow pruHSi- 
ate of potash, containing a little muriatic acid. 

Pruisian Blue.— To applv this pigment, the cloth may be first impregnated 
with a EoluliOQ of acetate of iron (irou liquor), and afterward passed through 
a solution of yellow prussiaie of potash, acidified with a little muriatic acid. 

Seheele'i Green {Arsenite of Copper). — This grass-green colored substance- 
may be applied to cloth hy the double decomposition of nitrate of copper and 
arsenite of potash ; the cloth being- passed through solutions of these salts 
consecutiTeiy. A better method is, drst to precipitate oxide of copper on the 
cloth by the action of an alkali, and to wince the piece atler ward in a solution 
of arsenite of potash. 

§ m. GENERAL NATURE OF DYEING PROCESSES. 

The processes by which different kinds of textile fabrics are impregnated 
with the same coloring material are often very dissimilar, and few dyeing 
processes are applicable in iheir details to goods of cotton, silk, and wool, For 
this reason, the observations in the present sectiou refer chiefiy to cotton fab- 
rics, the treatment of which requires greater asaistaace from chemistry than 
the more easily dyed animal tissues. . The dyeing of cottons, however, is 
mostly practised as a part of the process of callco-printine ; but tbe chemical 
principles involved in the different operations are pieciselv the same, whether 
the cloth is merely dyed and finished in that state, or both printed and dyed.* 

The object of the first operation to Fie. JO. 

which cotton goods are subjected, g 
whether intended to be afterward | 
printed or merely dved, is tbe re- | 
moval of the fibrous down or nap on | 
the surface of the cloth. This is ' 
effected by the process of lingeing, [ 
vrhich may be performed in two i 
different ways equally efficacious. 
The old method consists in drawiog 
the cloth swifUy over a red-hot 
semi-cylindrical l»ir of copper, three 
quartets of an inch in thickness, 
placed horizontally over the tiue of 
a fireplace, situated immediately at 
one end of the bar. The disposition '■ 

of the different parts of a singeing furnace maybe understood with the assis- 
mnce of the sectional representalioa in fig. 30; a represents the fireplace, and 
A the ash-pit ; c is the semi-cylindrical bar of copper, forming the top of the 
flue ; and d is the strip of cotton, which is rapidly drawn over the ignited bar, 
and immediately passed round a wet roller, e, to cool from the effect of singe- 
ing. In the figure, the flue is represented as passing downward to communi- 
caie with the common draught-chimney. 
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An iron bar, of two inches or more in thickness at the top, was fbrmeily 
used instead of a copper bar ; but the latter is found to last about ten times 
as lonff as the former, and to singe nearly three times as many pieces of cotton 
with the same consumption of fuel. With a copper bar, about fifteen hundred 
pieces may be singed by a ton of coals in a well-arranged fiimace. The cot- 
ton is generally passed oyer the bar three times ; twice on the side which is 
to be printed, or the *' face," and once on that which is to be the *' back." 
By this operation the color of the calico becomes very similar to nankeen. 

The other method of singeing consists in passing the cloth rapidly through a 
coal-gas flame, for which a patent was obtained by Mr. Hall of Basford, near 
Nottingham, in the year 1818. The gas issues trom numerous perforations 
through the upper surface of a horizontal tube, and the cloth to be singed is drawn 
over me flame rapidly by rollers. In the method first patented, the flame is 
drawn up through the web of cotton or other fabric by a flue leading into a 
common draught-chimney ; but the draught not being always sufficient to 
draw the flame through immediately, an improvement in the apparatus was 
devised by Mr. Hall, and patented in 1823, which consisted in placing imme- 
diately over the gas-flame a horizontal tube, with a slit lengthwise through 
its lower surface, which tube is placed in communication with a fan or an ex- 
hausting apparatus. An arrangement of this kind, so constructed as to allow 
the passage of two pieces of cloth at the same time over two gas-flames, is 
capable of singeing, when properly managed, fifty pieces per hour. 

That the colors of the tmctorial matters applieu to tissues may appear in 
their purity, it is essential that the cloth be wholly freed from the foreign mat- 
ters which adhere to its surface, whether imparted in the processes of spinning, 
weaving, &c., or else naturally adherent to the fibre of the cloth. In cotton 
goods, tnis is accomplished by the process of bleaching by means of chlorine; 
and in silk and woollen goods, by the action of sulphurous acid. 

The ordinary operations practised in the process of bleaching by chlorine 
consist in subjecting the cloth to the successive action, 1°, of a dilute alkaline 
solution ; S*', of a dflute solution of chloride of lime or bleaching powder 6com- 
monly called *< chemic" in bleach-works and print-works) ; and 3®, of ailute 
sulphuric acid. The operation of submitting the cloth to a solution of bleach- 
powder is known as ** chemicking ;" and to dilute sulphuric acid, as <* souring ;** 
The action of sulphuric acid on the cloth impregnatea with a solution of bleach- 
ing power is to liberate chlorine by combinmg with the lime to form sulphate. 
The details of this important process will form the subject of another article; 
for the present, the following list of the successive operations to which a cot- 
ton fabric is subjected in order to prepare it for printing, will suffice for pur- 
poses of reference : — 

1. Washing in cold water * 

2. Soaking for eight hours in boiling lime-water ; 

3. Washing in cold water ; 

4. Souring; 

5. Washing ; 

6. Soaking for ten hour hours in a dilute solution of soda-ash ; 

7. Washing; 

8. Chemicking; 

9. Souring; 

10. Washing; ' 

11. Soaking in solution of soda-ash ; 

12. Washing ; 

13. Chemicung; 

14. Souring; 

15. Washing; 

16. Soaking in hot water ; 

17. Squeezing and drying. 

In the process of bleaching mousselin-de-laines by means of sulphurous acid, 
the goods are usually passed two or three times through a solution of soap and 
soda, at about the temperature 130» Fahr., and then exposed for several hours 
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to the action of sulphurous acid ^s, produced from buming^sulphur in a dose 
chamber. The latter operation is termed " sulphuring." The goods are nert 
passed through a very weak solution of caustic soda, dried , and usually im- 
pregnated with a dilute solution of tin, which imparts considerable brilliancy 
to 3ie colors afterward applied to the goods. For this purpose, de lainea 
(which are formed of cotton and wool) are impregnated wittk two different 
solutions of tin consecutively, one -intended to afford oxide of tin to the 
wool, the other to the cotton. The soltition first applied is a mixture of per- 
chloride of tin and muriatic acid, for the wool ; the other is stannate of potash,* 
from which oxide of tin is precipitated on the cotton by passing the piece 
afterward through dilute sulphuric acid. For the finer work, the sulphuring 
of de laines is usually performed twice. 

The only operations to which silken cloth is^ubjected preparatory to being 
printed, are, 1% boilins; in a solution of soap and soda to remove the ** gum ;^' 
2% passing through dilute sulphuric acid ; and 3°, washing and drying. 

To impart a permanent dye to a tissue, it is essential that the coloring ma- 
terial, or the substances from which it is to be produced, should be applied in 
a state of solution, or in a condition to penetrate to the interior of the fibre of 
the cloth, either at its open extremit^^, or through the parietes. If a piece of 
cloth is dipped into common writing-ink, the black color acquired by the cloth 
mav be removed by washing with water, because the tannate of iron, which 
is the basis of the ink, instead of being in solution, is in an insoluble state, 
being merely suspended in the liquid, and therefore unable to enter the interior 
of the fibre. To apply the tannate of iron in a permanent maimer, it is neces- 
sary to produce it within the fibre, which is accomplished by first imbuing the 
cloth with an infiision of galls or other liquid containing tannin, and afterward 
with a solution of a salt or iron. That the colors in solution in the dye-beck 
should attach themselves to the stuff in the form of a compound insojfuble in 
their original solvent, is the principle on which the dyeing of fast colors rests ; 
and the more insoluble the compound in other liquids, so much the faster the 
color. 

In nearly all the different processes for dyeing cloths, the color is applied 
by one of the four following methods : — 

1. From two solutions ; the coloring material not existing in either separate- 
ly, but produced on the mixture of the two. The cloth is first impregnated 
with one solution, and afterward with the other. 

2. From the solution of the coloring material ; the cloth being first impreg** 
nated with some substance (usually existing on the cloth in the solid state), 
which has the property of combining with the coloring matter to form an in- 
soluble compound. 

3. From the solution of the coloring material itself, or its basis ; the cloth 
having previously undergone no essential preparation. 

4. By effecting a chemical alteration of the fibre of the cloth, with the for- 
mation of a colored product. 

By the first method of dyeing, which is the simplest and most intelligible, 
all mineral colors, such as chrome-yellow, Prussian-blue, peroxide of iron 
(iron buff), and manganese-brown, may be applied to textile fabrics. The 
proper coloring matter in all these cases is insoluble in water, and is thrown 
down as a precipitate whenever the two solutions proper for its formation are 
mixed. Thus, whenever an aqueous solution of the salt called bichromate of 
potash is mixed with an aqueous solution of acetate of lead, an insoluble pre- 
cipitate of chrome-yellow Tchromate of lead) is produced. In like manner, 
Prussian-blue is precipitatea when a solution of yellow prussiate of potash is 
mixed with a solution of a salt of the peroxide of iron. In the processes of 
dyeing cloth with these and all other mineral colors, the mixture of the prop- 
er solutions, and consequent formation of precipitate, is made to take place 
within the elongated cell or tube which forms the fibre of the cloth ; so that 
the resulting s^id, being imprisoned within the fibre, is rendered incapable 
of being removed by mechanical means. The fastness of colors applied to 

* A solution of oxide of tin in caustic potash. 
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cloth in this way is entirely a mechanical effect, and in no way referahle to a 
chemical attraction of the fibre for the coloring matter. 

A piece of white cotton cloth moistened with either a solution of bichromate 
of potash or of acetate of lead, may be easily cleaned from every particle of 
the soluble bichromate or acetate by simply washing with water. But if the 
piece of cloth is first imbued with the solution of the acetate, and afterward 
with the bichromate (or the order of impregnation Tnay be reversed), the 
precipitate of chrome-yellow is produced within the fibre, and can never be 
removed oy washing with water. The chrome-yellow that is washed away 
in this experiment was merely loosely attached to the exterior of the fibre. It 
may be observed here, that as all the coloring matter which is deposited on 
the exterior of the fibre is a loss of material, it is advantageous to remove the 
excess of the solution with which the cloth is first imbued, by draining, squeez- 
ing, and sometimes by slightly washing ^e cloth when taken out of the first 
solution and about to be immersed in the second. 

So far as the mere operations are concerned, the processes now commonly 
practised for applying mineral colors to cloth, are rather referable to the second 
style of dyeing according to the classification here adopted. Instead of pass- 
ing the cloth through the two solutions consecutively, one of the two materials, 
usually the base of the mineral coloring matter, is first applied in an insoluble 
state, and the cloth is afterward winced or agitated in a dilute solution of the 
other. To apply ferro-prussiate of copper, for example, to cotton in this Way, 
the piece is first impregnated with a solution of sulphate of copper. The 
oxide of copper is, in the next place, fixed 'in an insoluble state by passing 
the cloth through a dilute alkaline solution ; and the prussiate Of copper is 
formed, lastly, by wincing the cloth in a dilute solution of yellow prussiate of 
potash contaming a little muriatic acid. The economization of the solution 
last applied is the chief advantage of such a mode of proceeding over the old 
method of applying the two solutions in succession, without the fixation of a 
substance derived from the first ; since the production of any superfluous color- 
ing material is entirely avoided. In the process of dyeing cotton with chrome- 
yellow, the same depth of color may be imparted to a piece containing precip- 
itated oxide or carbonate of lead, rrom a solution of eight ounces of bichro- 
mate of potash to a gallon of water, as from a solution of twenty-four ounces 
of bichromate in a gallon of water, when the cloth contains only the soluble 
acetate or nitrate. It is to be observed, that although the mere operations in 
this kind of work are the same as those of the second sty^le to be noticed im- 
mediately, yet the principles of the two styles are dissimilar, for the coloring 
material is not contained in the second solution any more than in the first. 

To apply to cloth in a permanent manner those coloring substances which 
are naturally soluble in water, and have not in themselves a strong afiSnity 
for tissues (see page 100), of which kind are the greater number of vegetable 
and animal tinctorial matters, it is essentially necessary to effect their con- 
version on the cloth into compounds which are insoluble in water. This is 
accomplished by first applying to the cloth some substance (most frequendy 
the sub-salt of a metallic oxide^ which has an affinity for the coloring matter, 
whereby it is enabled to withdraw it from the solution and convert it into an 
insoluble compound. The substance which thus acts as the bond of union 
between the tissue and the coloring matter, is distinguished as the mordant. 
One circumstance in which this style of dyeing differs from the preceding is, 
that in this, the mordant must be applied to the cloth before the coloring mat- 
ter, except in some case where both may be applied at the same time ; but 
with mineral colors, which may be imparted by the successive application of 
two solutions, it is generally a matter of indifference which of the two solu- 
tions the cloth is first impregnated with. 

In its common acceptation by the practical dyer the term mordant is as in- 
definite as it is inappropriate, since it includes any kind of substance which 
can facilitate the application of a dye-studOf to a tissue. Properly speaking, a 
mordant is a substance which has an attraction of surface for the tissue, a 
chemical affinity for the coloring matter in solution (see page 97), and the 
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property of forming an insoluble compound with the coloring matter. By 
virtue of the combination of these properties, it is enabled to effect in a dura- 
ble manner the union of the tissue with the coloring substance. 

But with the practical dyer, the term mordant has a much wider significa- 
tion ; even the solvent of the dye-stuff, if the latter is insoluble in water, re- 
ceives that designation ; thus sulphuric acid is sometimes termed a mordant 
when employed as a solvent for indigo in the preparation of Saxon blue. The 
name, which was given by some French dy.ers at a time when little was known 
respecting the chemical principles of dyemg, is derived from morderej to bite ; 
the mordant being supposed to exert a corrosive action on the fibre which 
serves to expand the pores and allow the absorption of the color. 

In most cases of cotton dyeing with the intervention of a mordant, the lat- 
ter must exist on the cloth about to be dyed in a form insoluble in water. But 
as it is also essential that the mordant should be contained in the interior of 
the fibre of the cloth, it must be applied at first in a state of solution, for no 
substance in a solid form can penetrate to the interior of the fibre. The cloth, 
therefore, must be first impregnated with a liquid, by the decomposition of 
which the insoluble substance is to be produced. 

The form in which a mordant exists on a piece of cloth ready to be dyed is 
usually that of a sub-salt ; that is, a body of a saline constitution (consisting 
of an acid and a base), in which the proportion of base is in considerable ex- 
cess. When a piece of cotton, for example, is moistened with a solution of 
basic alum (soluble subsulphate of alumma) and dried, an insoluble subsul- 
phate of alumina is produced on the cloth, containing less sulphuric acid than 
exists in the soluble subsulphate. It is not probable, however, that, when the 
cloth thus mordanted is immersed in the dye-beck, the insoluble sub-salt com- 
bines as such with the coloring matter in solution ; the combination, which 
is doubtless a chemical one, takes place between the coloring matter and the 
base of the sub-salt. In this case, either all the acid of the sub-salt or else 
the corresponding soluble neutral salt is liberated and dissolved, the whole or 
the excess of base remaining on the cloth to fix the coloring material. 

When a piece of cotton impregnated with subsulphate of alumina, for ex- 
ample, is put into the madder-beck, the coloring matter of the madder com- 
bines with either the whole of the alumina in the subsulphate, or else that 
portion of the alumina only which is in excess over the amount contained in 
the soluble sulphate. In the first case, the subsulphate of alumina is simply 
decomposed into alumina on the one hand, and sulphuric acid on the other ; 
while m the second case it is resolved into alumina on one side, and the solu- 
ble and neutral sulphate on the other. 

From the preceding observations may be inferred the necessity of distinguish- 
ing between the three states in which a mordant may exist ; namely, first, in 
the soluble form in which it is applied to the cloth ; second, as the insoluble 
sub-salt afterward produced in the fibre ; and third, as the true base existing 
in union with the coloring matter in the dyed cloth. The term mordant ought 
strictly to be confined to the true base, in whatever form it exists ; but for 
convenience, it is also applied to the first solution, and to the sub-salt on the 
cloth before the dyeing. , 

In a few cases, however, the insoluble substance which is precipitated on 
the cloth from the solution of the mordant is not a sub-salt, but the true mor- 
dant or base itself ; thus, pure alumina may be precipitated from the solution of 
aluminate of potash, and pure peroxide of tin trom the solution of stannate of 
potash. 

If the affinity of the coloring matter for the mordant is so powerful that a 
compound of the two is precipitated immediately on their solutions being 
placed in contact, the intermediate step, consisting in the formation of the in- 
soluble sub-salt by drying, is sometimes omitted. The cloth is then first im- 
pregnated with the solution of the mordant, and after being washed, drained, 
and squeezed, is passed through the solution of the coloring matter. It fre- 

auently happens, however, and especially with wool and silk, that even in 
liese ca^es an insoluble suhnsalt does attach itself to the fibre from the solution ; 
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but it i« commonly produced on cotton daring the desiccation of the mordsnted 
goods. 

In all cases where the formation of an insoluble sub-salt by the desiccation 
of the mordant on the cloth is omitted, the excess of mordant which remains 
on the surface of the cloth is remoyed by washing and draining, before the 
cloth is exposed to the dyeing liquid. This excess of mordant is removed for 
three reasons ; 1'^, to prevent an unnecessary abstraction of coloring matter 
from the dye-beck ; 2^, to ensure a more uniform distribution of teint ; and 3oy 
to attach the color in a more permanent manner. When the solution of the 
mordant produces an immediate precipitate with that of the coloring matter, 
if the excess of mordant is allowed to remain on the cloth, the latter assumes 
a good color when put into the dye-beck, but which is, for the most part, 
merely attached to the surface, very little existing in the interior of the fibre. 
This seems to arise from the closing of the apertures through which a liquid 
obtains access to the interior of the tube or cell, by the precipitate of coloring 
matter. 

But the color which results when the washed and drained cloth is put into 
the dye-beck, is often devoid of lustre and very subject to alteration, apparent- 
ly, because the quantity of mordant on the cloth is too small to form an inti- 
mate combination with all the color which is deposited. On applying, how- 
ever, either the same mordant a second time, or else another mordant, the 
brilliancy of the teint is greatly increased, and the coloring material becomes 
permanently attached. The second mordant which is applied in this manner 
IS known among dyers by the name of alterant y proposed by Dr. Bancroft. A 
particular example will render such a process more intelligible. If a piece oi 
white cotton cloth is transferred at once from a dilute solution of perchloride 
of tin to a weak decoction of logwood, the cloth assumes an uneven violet 
color, feebly attached and removeable by washing. But if the perchloride re- 
maining on the surface is thoroughly removed before the cloth is put into the 
decoction, the piece assumes a duU brownish violet teint ; by properly adjust- 
ing the strength of the solution of perchloride to that of the decocticm, the 
latter may be entirely deprived of color. If, in the next place, a small quan- 
tity of a solution of perchloride of tin, or acetate of alumina, is added to the 
liquor as an alterant, the cloth acquires a good violet or purple color, and is 
now permanently dyed. 

The most probable explanation of the action of the alterant in such a case 
as the above, is the following : With a proper proportion of the coloring mat- 
ter of logwood, peroxide of tin forms a compound possessed of a lively color, 
which compound is capable of uniting loosely with more of the coloring mat- 
ter of logwood^ the proper teint of which, by itself, is red. The coloring mat- 
ter in excess does not partake of the lively violet or purple teint, of what may 
be considered as the neutral compound with the mordant, but the effect of ap- 
plying more mordant (as the alterant) is obviously to form a neutral compound 
with the excess of coloring matter possessing the proper violet or purple color. 
If the decocticm of logwood to which the mordanted and washed cloth is ex- 
posed, is mixed with a very small quantity of a free acid, the precipitation of 
an excess of coloring matter is prevented .(partly, it would seem, through the 
solvent power of the acid) ; so that the cloth assumes a lively color at once» 
and the application of an alterant is unnecessary. 

It is not essential to the character of an alterant that its acti<m partaJiie of 
that of a mordant. Thus, instead of mixing a free acid with the decoction oi 
logwood, the acid may be afterward applied to the dyed cloth, in which case 
it becomes the alterant, partly by removing some oi the coloring matter in 
excess, and partly by disintegrating the particles of the mordant, whereby 
the latter is enabled to form a more intimate combination with the coloring 
matter. 

In an extended sense, the term alterant may be applied to any substance 
which can effect a permanent change in the color of a dyed cloth, whatever 
may be its chemical action. Thus, oxalic acid becomes an alt»ant when ap» 
plied to the purple woollen cloth obtained by cochineal with a mocjiant of 
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protoxide of tia, wkerebr the purple becomes changed to scarlet ; bichromate 
of potash may also be called an alterant when applied to a piece of cotton dyed 
yiolet with logwood and alumina, in order to change the violet into a black. 

In a few cases, where the affinity of the coloring matter for a mordant is 
not sufficiently strong for the former to separate, by itself, the mordant from 
the substance with which it is already in combination, the solution of the 
mordant and that of the coloring material may be mixed without the formation 
of a precipitate. Thus, no precipitate of coloring matter and mordant ensues 
when the soluble combination of alumina and caustic potash (aluminate of 
potash) is mixed with a solution of the coloring matter of annatto ; nor when 
a solution of protochloride of tin is added to a cold decoction of logwood. 
When this is the case, the cloth is not always first impregnated with the mor- 
dant and afterward with the coloring matter, but both may be applied at once 
by exposing the cloth to the mixture previously made. So &r as the mere 
operation 13 concerned, however, this style of dyeing differs from that we have 
been considering, being referable to the third style according to the division 
followed in this section (page 107) ; but the function of the mordant and its 
action on the dye are of precisely the same nature as when the mordant is 
first applied, excepting that the formation of the insoluble compound of mor- 
dant and coloring principle which attaches itself to the fibre, appears here to 
be partly determined, as an induced effect, by the surface attraction of the 
tissue for the resulting compound. A similar effect may be produced in the 
above mixture of protochloride of tin and decoction of logwood by the applica- 
tion of heat, which seems to increase the mutual affinity of the mordant and 
coloring principle. The cloth does not in such cases abstract the whole of 
the coloring matter from the dyeing liquor, but the depth of its color corre- 
sponds, in general, to the strength of the infusicn, the temperature, and the 
time during which it is exposed to the mixed liquid. 

Vegetable coloring matters are not often applied to goods of cotton by this 
style of dyeing except as steam colors, where the mixed solution of mordant 
and colormg matter is printed on the cloth, and the fixation afterward effect- 
ed by exposure to steam. The principal coloring principles thus applied are 
those of logwood, French berries, cochineal, peach wood, and quercitron, with 
a tin or aluminous mordant : an orange color is sometimes imparted to cotton 
by means of the mixture of annatto and alumina in caustic potash, applied as 
above. 

It rarely happens that the common aluminous mordants, such as basic alum 
and red liquor, can be employed alone as mordants for vegetable coloring 
matters when applied as steam or topical colors, on account of the facility 
with which the alumina is precipitated by the vegetable decoctions. But this 
tendency to precipitation may be greatly diminished by applying to the alumina 
a more powerful solvent. Thus, the solutions of alumina commonly employed 
with logwood, &c., when applied as steam colors, are basic alum mixed with 
oxalic or another strong acid, red liquor mixed with oxalic acid, and common 
alum mixed with sugar. 

As the combination of the coloring principle with the mordant is to be con- 
sidered a case of true chemical union, it might be anticipated that the coloring 
matter often experiences a considerable m^ification in teint dn uniting with 
a mordant, independent of the color possessed by the mordant itself, consistently 
with the law that a change of properties always attends chemical combination. 
Such a change in color is certainly often exhibited, but sometimes the color of 
the resulting compound is intermediate between that of the coloring matter 
and that of the mordant ; and the color of the dye-liquor may ^^enerally be 
imparted to a tissue without much alteration by the use of a white moroant. 

u a piece of doth ia impregnated with alumina and then passed through 
the madder-beck, it acquires a rose teint ; and the same dye-beck, but with 
peroxide of iron as the mordant, the cloth becomes dark brown or even black ; 
and with a mixture of alumina and peroxide of iron, a puce color may be 
obtained* If three pieces of cottcm, one impregnated with alumina, another 
with peroxide of iron, and the other with oxide of copper, are passed through 
a decoction of quercitron ,^ the piece caataining aiimuna piesasts very nearly 



112 DYEING AND CALICO-PRINTlNa 



the proper yellow of the dye ; that with oxide of iron has a dark fawn color, 
and that with oxide of copper a yellowish fawn color. Cochineal produces a 
purple compound with a mordant of protoxide of tin, which is itself white; 
out a scarlet compound with peroxide of tin, which is also white. 

The quantity of the coloring matter absorbed by the mordanted cloth is, in 
general, proportional to the quantity of mordant it contains, which may be 
determined by the strength of the solution of the mordant. Hence two pieces 
of cloth impregnated with solutions of the same mordant of unequal strength 
would present very different depths of color by being passed through the 
same dye-beck. With the acetate of iron as a mordant, the same infusion of 
madder may be made to afford any variety of teint between faint lilac and 
black, and with an aluminous moraant any shade between the most delicate 
pink and dark red. 

'The class of bodies from which mordants are derived is the metallic oxides 
or bases, whence they might be supposed as numerous as metals which form 
insoluble oxides ; but so many qualifications are required in a mordant, besides 
insolubility, that their number is very limited. Those most commonly em- 
ployed are alumina, peroxide of iron, peroxide of tin, and protoxide of tin. The 
chemical affinity of these bases for coloring matters has already been alluded 
to (page 98) ; and many of their salts, or compounds with acids, have like- 
wise a considerable attraction of surface for the stuffs, so that the latter have 
the power of withdrawing them to a certain extent from their solutions. 
These bases also possess a property which seems often to be highly advanta- 
geous, namely, that of forming with the same acid, when united with it in 
different proportions, a soluble and an insoluble combination. • * 

Alumina,* which is the most extensively employed of the mordants, may 
be applied to cloths from four different solutions : 1°, from ordinary alum, 
which is a double salt composed of sulphate of alumina and sulphate of pot- 
ash ; 2°, from the solution of subsulphate of alumina, also known as basic 
alum, which is merely common alum with a portion of its acid neutralized by 
an alkali ; 3°, firom red liquor, which is commonly a solution in acetic acid of 
the subsulphate of alumina insoluble in water ; and 4*^, from a solution of alu- 
mina in caustic potash, known as the aluminate of potash. From alum, from 
the soluble subsulphate of alumina, and from common red liquor, an insoluble 
subsulphate is produced on the cloth, containing less sulphuric acid than the 
soluble subsulphate ; and alumina itself is deposited from the aluminate of 
potash. 

1. Alum. — This salt, in its ordinary state, is not much employed at present 
in cotton-dyeing, being superseded by basic alum, red liquor, and the alumi- 
nate of potash ; but it is still extensively used iA silk-dyeing and printing, and 
is the principal mordant used in the dyeing of wool. On cotton goods com- 
mon alum is sometimes employed as the mordant for topical and steam colors, 
where the alumina is required to be held in solution pretty strongly. The 
chemical constitution and properties of alum will form the subject of a future 
paper. 

The impurity which common alum is likely to contain of greatest moment 
to the practical dyer is irorij existing in the state of sulphate (usually, both of 
the peroxide an& protoxide), and chlonde. It is derived from the mother* 
liquor from which the alum was crystallized. 

The readiest method of detecting this impurity is by adding to the aqueous 
solution of alum a few drops of a solution of yellow or red prussiate of potash, 
which cause the formation of a precipitate oi Prussian blue with a very small 
trace of iron. The precipitate at first produced with the yellow prussiate is 
generally greenish-white, but becomes blue on exposing the mixture to the 
ail for a few minutes. In this case the iron is present in the alum in the state 

* This earth is thrown down as a white bulky precipitate when a solution of alum is mixed with 
an excess of ammonia. It is not obtained pure, however, by such a process, but retains some of 
the sulphuric acid. To prepare pure alumina, the precipitate as thus obtained may be redissolred 
in dilute sulphuric acid, and again precipitated by ammonia. The proper neutral sulphate of alu- 
mina is very soluble in water, and difficult to crystallize ; by the addition of sulphate of potash, K 
becomei common alum, which is much less soluble, and Tery ewily ciystallixed. 
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«f a salt oi the protoxide ; and a solution of the red pnissiate, instead of the 
yellow, causes the immediate production of Prussian blue. If the solution of 
alum to be tested is first boiled with a few drops of nitric acid to convert the 
protoxide of iron into peroxide, Prussian blue is immediately formed on apfdy* 
ing the yellow prussiate. 

In the few processes of cotton-dyeing in which alum is employed as the 
mordant, the strength of the solution of alum and the manner of applying it 
entirely depend on the nature of the dye and the depth of the color to be pro- 
duced. In most cases, where the entire surface is to be impregnated with the 
coloring material, the goods may be allowed to remain for twenty-four hours, 
or more, in a cold solution containing about one part of alum to four parts of 
the cloth, with as much water as is requisite to cover the cloth. Silk may be 
digested for from eight to twenty-four hours, or longer, in a cold solution of 
three or four parts of alum to ten or twelve parts of silk and one hundred of 
water. Wool may be impregnated with alum by heating it in a solution con- 
taining of alum from one sixth to one fourth of the weight of the wool, and 
maintained at the boiling point for one hour, or a little longer ; but ebullition 
for two hours is prejudicial. A very common addition to alum when employed 
as a mordant, especially for wool which is intended to be brightened by an 
acid after being dyed, is tartar (crude cream of tartar), which diminishes the 
tendency of alum to crystallize, and brightens the resulting color.. The quan- 
tity which is added varies for different dye-stuffs from one fourth to one half 
of the weight of the alum. When employed as a mordant for topical or steam 
colors, a quantity of sugar is usually added to the alum. 

2. Basic alum. — As common alum, of itself, has very little disposition to 
form an insoluble subsalt, it is a weak mordant for cotton goods, and has 
hence been superseded by other aluminous preparations, from which subsaits 
may be more easily produced. One of these is basic alum, which is made by 
separating from common alum a portion of its acid by the application of an 
alkaline carbonate. It is found that one third of the acid contained in com- 
mon alum is suiSicient to retain in solution all the alumina of the alum, pro- 
vided the liquid is cold and in a concentrated state. The partial separation of the 
^cid may be effected either by carbonate of potash or carbonate of soda, added 
until it begins to produce, a permanent precipitate. A gelatinous precipitate is 
formed from the first addition of the alkaline carbonate, but it redissolves on 
Stirring, until two thirds of the quantity necessary for complete saturation has 
been applied.^ In this state aliim is a powerful mordant, as the excess of base 
is held in solution very feebly, and is easily removed in the state of an insol- 
uble subsulphate through the surface attraction of the tissue. Animal 
charcoal also readily wimdraws the excess of alumina, by virtue of the same 
force. 

A solution of subsulphate of alumina is also produced when chalk is digested* 
in a solution of common alum, sulphate of lime being then formed. Accord- 
ing to Hausmann, one part of alum, with the addition of one eighth part of 
chalk, may be retained in solution during summer by five parts of water. 
One part of common alum requires between eighteen and nineteen parts of 
cold water for its solution. 

A solution of basic alum prepared by an alkaline carbonate, as above, can 
not be well employed except m a concentrated state, as mere dilution with 
water determines the formation of a precipitate of insoluble subsulphate of 
alumina. But this inconvenience maybe overcome, and an excellent mordant 
obtained, by adding acetic acid to the solution of basic alum. The mixture 
thus formed, which is quite analogous to common red liquor, affords no pre- 
cipitate on dilution with water. 

3. Red liquor and acetqU of (ilumi7ut.-^B.ed liquor is much more extensiyely 
employed as a mordant than any other preparation of alumina. The com- 
mon Qiethod of preparing. ^^lif^uid fpr the use of the dyer fm4 Qi^lico^prmter 

* A convenient mode of preparinff the solution of basic alum is to dissolve in water two thirds 
^f the quantity of common alum operated on. to a<Vl carbonate of soda to the solution until th« 
mixture exhibits' a slight alkaline reaction, ana th^n to add the remaining one third of akim witv 
•gitakioii. 

8 
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is by addins^ a solutioB of acetate of lead or acetate of lime to a aolution of 
alum, when a portion of the sulphuric acid of the alum combines with the 
oxide of lead or the lime of the acetate to form an insoluble sulphate, and the 
acetic acid previously in combination with oxide of lead or lime combines 
with alumina to form a soluble acetate. To produce complete decompositioa 
both of the sulphate of alumina and the sulphate of potash in the alum, with 
formation of sulphate of lead and acetates of alumina and potash, 

478 parts, or 1 eq. of alum, reqnire 

756 parts, or 4 eqs. of crystallized acetate of lead. 

And for the complete decomposition only of the sulphate of alumina in the 

alum, 

478 parts, or 1 eq. of alum, require 

567 parts, or 3 eqs. of crystallized acetate of lead. 

The reactions which occur on mixing solutions of these materials in the latter 
proportions are expressed in the following diagram : 

r 1 eq. sulphate of potash 

• \ 24 eqs, water 

-Si« N 1 ^ .»i»K.f. ( 1 eq. alumina ^ 1 eq. acetate 

alum I 1 eq. sulpnate i « ~*. «„i.a«»;- ^ «r .inn.:». 

( of alumina < 3 ^^^ sulphuric ^ of alumma. 




3 eqs. C 9 eqs. water 

acetate < 3 eqs. acetic acid , 

of lead ( 3 eqs. oxide of lead 2!^ 3 eqs. 

sulphate of lead. 

But the quantity of acetate of lead employed in the preparation of red liqnoi 
is never greater than that of the alum, and commonly one third less, the pro- 
portions being slightly varied according to the purposes for which the mordant 
IS required. A small quantity of carbonate of soda (from one twentieth to one 
tenth of the weight of the alum) is also sometimes added to the mixture to 
serrate a portion of the sulphuric acid contained in the excess of alum. 

The following proportions of the materials afford a strong mordant of specific 
gravity about 20" Twaddell* (1,100), well adapted for producing dark reds 
with madder : 

No. 1. , 

5 gallons of water, 
10 pounds of alum, 
1 pound of soda crystals, 
10 pounds of acetate of lead. 

The alum is first dissolved in boiling water, and to this solution the soda is 
added gradually ; when the effervescence is subsided, the acetate of lead is 
added in a state of fine powder, and the mixture having been well agitated is 
allowed to stand for the sulphate of lead to settle, after which the supernatant 
liquid may be decanted for use. 

A red liquor, better adapted than the above for producing a yellow dye with 
the coloring matter of quercitron, may be made by mixing, in the same 
manner, 

No. 2. 
5 gallons of water, 
10 pounds of alum, 
1 pound of soda, 
7} pounds of acetate of lead. 

In consequence of the expense of acetate of lead, this salt is commonly 
superseded, in the preparation of red liquor, by acetate of lime, obtained by 

* Degrees on Twaddell's hydrometer may be concerted into the oidlnaiy sp. gr. formula (water 
Wing 1,000) by multiplying them by 5 and adding 1,000. 



ALUMINOUS M0EDANT8. 115 

neatralizinff with quick-lime the crude acetic acid or pyroligneous acid afforded 
by the distillation of wood ; but the red liquor thus prepared does not produce 
with coloring matters such delicate and bright shades as that prepared by 
acetate of lead. The usual proportions of acetate of lime and alum employed 
for this purpose are two pounds and a half of the latter to a gallon of solution 
*of the former of specific gravity 12® or 13® Twaddell. As met with in com- 
merce, red liquor usually has a spec. grav. about 18® Twad. 

The following mode of prepanng red liquor by acetate of lime is recom- 
mended hj M. Kcechlin-Schouch [BiUletin de la SocieU industrtelle de Mid' 
haiisen, t. i. p. 277). In twenty-five gallons of hot water dissolve two hundred 
pounds of alum, and to the solution add three hundred pounds of the crude 
solution of acetate of lime of specific gravity 16® Twad. The resulting red 
liquor has the density, while hot, of 22® Twad., but on cooling it deposites 
crystals of alum, and lalls in specific gravity to 18® Twad. 

In neither of the preceding preparations is sufficient acetate of lead or ace- 
tate of lime employed to decompose the whole of the sulphate of alumina in 
the alum, and it is doubtful, moreover, whether acetate of lime, in any quan- 
tity, would effect the complete decomposition of sulphate of alumina. But 
this undecomposed alum or sulphate oi alumina, instead of bein£r useless, as 
some have supposed, forms a highly important constituent of the mixture. 
By its action on the apetate of alumina in the solution, it gives rise to the 
formation of subsulphate of alumina or basic alum, and free acetic acid, and 
the latter serves to retain the former in a state of more permanent solution 
than water would alone. 

On applying heat to red liquor, a precii)itate of subsulphate of alumina is 
produced in the liquid, containing, according to the analysis of M. Kcechlin- 
Schouch, eight equivalents of alumina and three equivalents of sulphuric 
acid, or, eight times as much alumina as the neutral sulphate in common al- 
um. The temperature at which the precipitation commences varies accor- 
ding to the strength of the liquor and the proportions of acetate of lead and 
alum employed in its preparatiqn. When made as No. 1, page 114, the pre- 
cipitation commences at about 154® Fahr. If the source of heat is withdrawn 
soon after the precipitate appears, so as to avoid the evaporation of acetic 
acid and the aggregation of the precipitate, the latter completely redissolves 
as the liquid cools ; but if the heating is continued until a sensible quantity of 
the acetic acid is evaporated and the precipitate is become dense, the subsul- 
phate does not redissolve on cooling, nor even on the addition of free acetic 
iacid. Such a precipitation of insoluble subsulphate, accompanied with the 
evaporation of acetic acid, always occurs during the drying and *^ ageing'* of 
cottons printed with red liquor.* 

A solution of pure acetate of alumina obtained by dissolving recently-pre- 
cipitated hydrate of alumina in acetic acid is uncrystallizable, and dries, on 
evaporation, into a gummy mass, very soluble in water. The aqueous solu- 
tion of the pure acetate may be boiled without decomposition ; but if a solu- 
tion of alum is added to acetate of alumina, so as to form a mixture analogous 
to red liquor, the liquid affords, on the application of heat, a precipitate of 
subsulphate, of the same composition as that produced from common red 
liquor, which redissolves on the cooling of the liquid if the acetic acid has 
not been expelled. 

Acetate of alumina made without excess of alum is very rarely used as a 
mordant, the proportions of alum and acetate of lead employed m almost all 
cases being four parts of the former to three parts of the latter. The chief 
use of the pure acetate, or rather of the mixture of pure acetate with sul- 
phate of potash, such as is obtained by mixing eight parts of alum with nine 
and a half parts of acetate of lead, is to add to mixtures for topical colors 
containing a strong acid, such as muriatic, sulphuric, or nitric, m the free 
state. The strong acid combines with the alumma of the acetate, and liber- 
ates acetic acid, which exens no corrosive action on the fibre of the doth. 

• 

* Concentrated red liquor deposites a small quantity of the subsuli^ate of alumina at com- 
mon temjlratnres, if kept for a considerable time. The precipitate thus graduaUy formed is somo- 
ttaies too aggzfgitod to be rediMolT|^oii the application of acetic add. 
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4. Ahiminate of Potash. — Another preparation of alnmina much emidoyed 
as a mordant for cotton goods, is the solution of alnmina in caustic potash, 
known as the alumina te of potash. The following method of preparing this 
solution is recommended hy M. Ecechlin-Schouch. A solution of caustic pot- 
ash is first made by boiling for half an hour a mixture of eighty pounds of 
carbonate of potash, thirty-twq pounds of quick-lime, and forty gallons of wa- 
ter. The caustic ley being allowed to settle, thirty gallons are decanted and 
evaporated down to the density 35" Baum^ (60° Twaddeli), and sixty pounds 
of powdered alum are added to the boiling liquid. As the solution cools, a 
quantity of sulphate of potash is deposited in crystals. 

When a niece of cloth impregnated with the aluminate of potash is sus- 
pended freely in the air, the carbonic acid of the atmosphere seizes upon the 
caustic potash which holds the alumina in solution, causing the formation oi 
carbonate of potash and precipitation of alumina. If the apartment in which 
cottons printed with the aluminate of potash are suspended is imperfectly yen- 
tilated, afler a short time not a trace of carbonic acid can be detected m the 
atmosphere by the ordinary test of lime-water ; hence the necessity of pay- 
ing particular attention to the means of producing a proper ventilation in the 
. '* hanging" or '' ageing" room, if the complete precipitation of the alumina 
during that stase of the process is required. 

The time of hanging the mordanted goods, however, is seldom prolonged 
sufficiently to allow oi the complete decomposition of the aluminate of pot- 
ash. This is insured by afterward passing the cloth through a dilute solution 
of muriate of ammonia,* which immediately determines the complete pre- 
cipitation of the alumina. The reactions which take place when a solution 
of aluminate of potash is mixed with a solution of muriate of ammonia are 
expressed in the following diagram : — 
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The aluminate of soda may be prepared in the same manner and used for 
the same purposes as aluminate of potash. It is said that no difference is 
perceptible between the effects obtained by aluminate of potash, and those by 
.alummate of soda. 

The other simple preparations of alumina which are occasionally used as 
mordants are, nitrate of alumina, chloride of aluminum, and tartrate of alu- 
mina. Of these, the most extensively employed is. the nitrate, which may be 
prepared of sufficient purity for the use of the dyer and calico-printer by mix- 
mg concentrated solutions of equal weights of alum and nitrate of lead, when 
smphate of lead is formed and precipitated, and nitrate of alumina remains 
in solution. 

Tin mordants. — Several preparations of tin are employed as mordants in 
dyeing and calico-printing, comprising salts of the protoxide and of the per- 
oxide, and mixtures of the salts of both oxides. The oxides of tin have a 
strong tendency to unite with soluble vegetable and animal coloring matters, 
producing distmct aud definite combinations ; and the compounds with the 
peroxide are generally distinguished for possessing a vivacity of teint far su- 
perior to that presented by the combinations of the same coloring matter with 
any other mordant. 

J^eroxide of tin is used as a mordant chiefly with cochineal, Brazil-wood, 
peachwoo^y Wrwood, French berries, and logwoo4> and is commonly appHed 

• The mniiate of g^mmoniais sometimes mixed with the done-beck, and sometimes with the so 
InJUon of " dung substitute.*' In a few particular styles of calico-printing, where the uning of 
cottons printed with aluminate of potash is altogether omitted, the oloth .ia paased tiun H cn • wki 
tloa of muiate of ammonia befozo the dnns omnkion. ^ 
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in the state of a soiatioa of the perchloride (pennoriate), or as a nuxtme of the 
solution of the perchloride with that of the pernitrate. Soch solutions, which 
are known among djeis hy the name of red spirits or simply sjnrits, may be 
obtained by dissolrmg metallic tin, in a granulated or *' feathered" 8tate« in 
one of the following liquids : 

1®. Aqua regia, which is a mixture of nitric and muriatic acids ; 

2^. A mixture of nitric acid and muriate of ammonia ; and 

3^. A mixture of nitric acid, muriate of ammonia, and common salt. 

The perchloride of tin, or a mixture of the perchloride and pernitrate, is aiso 
sometimes prepared from crystals of the protochloride (salts of tin) by means 
of nitric acid or aqua regia. ' The nitric acid used for this purpose should be 
quite free from sulphuric acid. 

A great number of receipts for the preparation of this mordant haye been 
prescribed, yarying yery considerably m the proportions of the materials, ao* 
cording to the nature of the fabric to be dyed, and that of the dye-stuS* for 
which it is to be used as the mordant. Some of the preparations contain the 
peroxide or perchloride only ; but others, which are preferred for general U8e» 
contain both the perchloride and the protochloride. A common process for 
preparing a mixture of the two chlorides is to add granulated tin yery grau* 
ually to a mixture of three parts by measure of muriatic acid, and one part of 
commercial nitric acid, so long as any tin is dissolyed in the cold. If the tin 
is not added gradually, instead of being dissolyed, it is conyerted into the in- 
soluble peroxide, which is deposited as a white powder. 

The aboye proportions answer well for a mordant for general use, and es- 
pecially for Brazil-wood; but for particular purposes the proportions of mu- 
riatic and nitric acids are yaried from six parts of the former, and one of the 
latter, to equal parts. 

The solution of the perchloride of tin, or mixed perchloride and protochlo- 
ride made by dissolying tin in a imxture of nitric acid and sal-ammoniac, it 
much used by silk and woollen dyers, but a considerable di£ference exists be- 
tween the proportions of the materials as recommended by different dyers. 
For general purposes, the solution afforded by the following proportions re- 
ceiyes a decided preference : — 

3 quarts of nitric acid of specific gravity 1*300, 

4 quarts of water, 

* 12 ounces of muriate of ammonia, 

30 ounces of granulated tin. 

The muriate of ammonia is first dissolved in the mixture of acid and water, 
and to this solution the tin is added in small quantities at a time, so as to pre- 
vent the mixture from becoming very hot. 

The salt met with in commerce imder the name of pink salt is the double 
perchloride of tin and muriate of ammonia (chloride of tin and ammonium), 
which is made by adding muriate of ammonia to a solution of the perchloride, 
and evaporating to obtain crystals. It is chiefly used as a mordant with peach- 
wood. 

Peroxide of tin is often applied to cloth in the state of the soluble combina- 
tion of caustic-potash and oxide of tin, known as stannate of potash, which 
may be obtained by adding a solution of caustic-potash to a solution of per- 
chloride of tin, until the precipitate at first produced is entirely redissolved. 
If a piece of cotton impregnated with such a solution is dipped into dilute sul- 
phuric acid, or a solution of muriate of ammonia, the alkaline combination on 
the cloth is decomposed, and peroxide of tin percipitated within the fibre. The 
decomposition which ensues on mixing^ stannate of potash with muriate of am- 
monia is quite analogous to that which occurs on the mixture of aluminate of 
potash with mariate of ammonia (page 116). 

Protoxide of tin is frequently used as a mordant alone, as well as the ner- 
oxide. This oxide may be applied from the protochloride of tin, which ia 
prepared by dissolving metallic tin in pure muriatic acid to saturation, with 
the assistance of heat. One part of tin may be dissolved in about three parts 
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of concentrated muriatic acid, and on eraporation the solution affords small 
colorless crystals, distinguished as salts of tin. The solution of the protochlo- 
ride is known among dyers hy the name of plum spirit's, being used in the 
preparation of the plum tub, which is a mixture of decoction of logwood with 
the protochloride. 

Tnis salt has seyerai interesting applications in calico-printing, both as a 
mordant and a deoxidizing agent, to which we shall again have occasion to 
advert. The solution of protoxide of tin in a caustic alkali, obtained by ad- 
ding the alkali to the solution of protochloride of tin until the protoxide at first 
precipitated is redissolved, is frequently used in the place of the protochloride. 

When exposed to the air, a solution of protochloride of tin absorbs oxygen, 
and affords, if not very acid, a white precipitate consisting of a subsalt of the 
peroxide. This inconvenience may be counteracted to a great extent by the 
addition of muriate of ammonia which combines with the protochloride to 
form a double salt, less disposed to absorb oxygen than the pure protochloride. 

The colors of the compounds of coloring matters with peroxide of tin are 
generally much brighter than those of the same compounds with protoxide of 
tin, but solutions of the protoxide enter the pores of cotton fabrics better than 
solutions of the peroxide. On this account, a practice sometimes pursued in 
dyeing cotton goods by a tin mordant, is first to apply the tin in the state of 
protochloride, and to form the peroxide afterward, within the fibre, by win- 
cing the goods in a dilute solution of chloride of lime. 

Iron Mordants. — The principal simple preparations of iron which are em- 
ployed as mordants are the following : copperas, which is the sulphate of the 
protoxide ; iron liquor, which is an impure acetate of the protoxide ; the per- 
nitrate, the sub-persulphate, and the perchloride. The most available of these 
forms of iron is copperas ; but this salt is not well adapted as a mordant for 
cotton goods, as the powerful afiinity of sulphuric acid for protoxide of ircm 
is an impediment to the formation of an insoluble subsalt. 

Acetate of Iron ; Iron Liquor. — The iron mordant commonly used in calico- 
printing is the acetate, which may be prepared by mixing a solution of acetate 
of lime, or acetate of lead, with a solution of copperas. A double decomposition 
occurs on the mixture of these solutions, with the formation of sulphate of lime 
or sulphate of lead, which falls as a heavy precipitate, and acetate of protoxide of 
iron, which remams in solution. For the complete decomposition of copperas 
by acetate of lead, 10 parts of the former require about 13^ parts of the lat- 
ter ; but in the preparation of acetate of iron in this way on the large scale, 
the copperas is always employed in excess, being seldom in so small a propor- 
tion to the acletate of lead as an equal weight. By exposure to the air the 
acetate of the protoxide becomes partially peroxidized, being converted into a 
subacetate of the peroxide. 

But nearly all the acetate of iron used in print-works is now prepared by 
digesting, for several weeks, old iron hoops, nails, &c., in the crude acetic 
acid obtained by the distillation of wood. A dark brown solution, known as 
the pyrolignite of iron or iron liquor, is thus obtained, composed of the ace- 
tate of the protoxide of iron, and a quantity of tarry, oily, and spirituous mat- 
ters, produced in the destructive distillation of wood. As a mordant, this 
mixmre is in general preferred to the purer article prepared by means of 
acetate of lead or acetate of lime, probably because the peroxidation of the 
protoxide of iron by exposure to the air during the " ageing" of the goods is 
retarded by the spirituous and unctuous matters present, which have a stronger 
afiKnitj^ for the oxygen of the air. A small quantity of the acetate of the 
peroxide of iron is sometimes contained in iron liquor, but by no means as an 
essential constituent. 

The principal pure persalt of iron used in dyeing and calico-printing is the 
nitrate, which is prepared by dissolving clean pieces of iron in nitric acid of 
specific gravity 1-305. Soon after the evolution of brown fumes ceases, the 
acid solution should be decanted, so as to avoid the formation of the insoluble 
aub-pemitrate of iron. This solution of iron is used as a mordant with vege- 
table coloring matters, and also for producing a buff color with an alkali (see 
page 105), and Prussian blue with yellow prussiate of potash. 
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A preparation of iron extensively employed at some print-works in the 
place of the common acid pernitrate, is a mixture of the neutral pemitrate 
with free acetic acid, obtained by adding about a pound of powdered acetate 
of lead to two pints of a solution of the pernitrate, of the density 1*55. The 
acetate of lead is decomposed by the free nitric acid present in the solution, 
with formation of nitrate of lead, which is precipitated, and free acetic acid. 

A solution of a sub-pernitrate of iron, made by adding a small quantity of an 
alkaline carbonate to the pemitrate, is also sometimes advantageously sub- 
stituted for the pemitrate prepared as above. The peroxide of iron at first 
precipitated may be redissulved on agitation, if only a small proportion of al- 
kali has been applied. 

Two other forms of peroxide of iron have been occasionally employed 
as mordants ; one analogous in its chemical constitution to basic alum, 
and the other to red liquor (page 113). The first is prepared by partially de- 
composing, by means of an alkaline carbonate, the persulphate oi iron, made 
by boiling copperas in dilute nitric acid. The oxide at nrst precipitated by 
the alkali is slowly redissolved by the undecomposed persulphate, giviug rise 
to the subsulphate of the peroxide. The preparation of peroxide of iron, 
analogous to red liquor, mav be made by adding one part, by weight, of ace- 
tate of lead to four parts of a solution of persulphate of iron of the density 
1*65. Sulphate of lead is precipitated, and the solution comes to contain sub- 
sulphate of the peroxide of iron, and peracetate of iron or free acetic acid. 

A patent has been recently obtained by Mr. Mercer and Mr. Barnes for the 
preparation of an acidulous liquid for mixing with ferruginous mordants, 
which imparts considerable brilliancy to the leints of all compounds of color- 
ing matters (particularly that of madder) with peroxide of iron. This liquid, 
known as " assistant mordant," or " patent purple liquor," is made by digest- 
ing farinaceous substances, starch, or sugar, in warm nitric acid, of moderate 
strengtlu The temperature of the mixture is not allowed to become high, in 
order to prevent the formation of oxalic acid. When all the nitric acid pres- 
ent is decomposed, a little pyroligneous acid is added, and the mixture is then 
ready for use. 

For producing a black dye, with oxide of iron and madder, one measure of 
iron liquor may be mixed with one or two measures of ** assistant ;" ibr light 
purples, the proportion of ^' assistant^' may be increased to five or six meas- 
ures. The beneficial action of this preparation is considered to consist 
chiefly in the retardation of the peroxidizement oi the iron mordant during the 
** ageing." 



The enlivening action of strong acids and acidulous salts on the teints of 
some vegetable and animal coloring matters, when applied in a diluted state 
to the compounds of coloring matters and mordants, is a subject which de- 
serves the particular attention of the dyer and calico-printer. Instances of 
this effect of the application of acids, either to the dyed cloth or to the infu- 
sion of the coloring matter, are of frequent occurrence ; and some bright 
shades of color can not be obtained without the assistance of an acid, though 
the mode of action of the acid is by no means obvious. 

If a piece of cotton is printed or padded with iron liquor, dunged, winced 
in a mixture of chalk and hot water, and then dyed in a decoction of vaionia 
or other vegetable matter containing tannin, it acauires merely a dull drab 
color. But if the cloth thus dyed is exposed for a snort time to the fumes of 
hydrocLioric acid, or if winced in very dilute sulphuric or hydrochloric acid, 
the color of the cloth changes from drab to slate color or black, according to 
the quantity of mordant on the cloth. Acetic acid produces the same effect, 
but not in so powerful a manner as sulphuric acid, of which a mere trace is 
as eff*ective as a much larger quantity. The color of the compounds of both 
oxides of tin (but especially that of the protoxide) with the coloring matter 
of logwood may also be greatly enlivened by the application of very dilate 
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snlpkiiric acid, and a good searlet or crimsoii can not be obtained from coch>> 
neal with a tin or aluminous mordant without the introduction of tartaric or 
oxalic acid or cream of tartar. 

That the mode of action of the acid in such cases varies with different col- 
oring matters and mordants hardly admits of doubt. The quantity of acid 
required in some cases is far too small to warrant the supposition that it en- 
ters into a permanent chemical union with the coloring matter and mordant ; 
hut in other cases a sensible quantity of acid disappears, and seems to enter 
as an essential constituent into the composition of the coloring material. 

In cases where the acid does not enter into a permanent diemical combi- 
nation with the mordant and coloring matter, it may be considered to act in 
two ways : — 

1. By preventing the deposition of an excess of the coloring matter on the 
mordanted cloth, or by removing such an excess, if already deposited, through 
its solvent power ; 

2. By effectinff the disintegration of ihe particles of the mordant, whereby 
the latter is enabled to form a more intimate combinaticn with the coloring 
material. 

When a piece of cotton cloth impregnated with a mordant in the ordinary 
manner is immersed in the dyeing decoction, it often absorbs more coloring 
matter than is necessary to form what may be considered as the neutral com- 
poimd of coloring matter and mordant. But this excess of the coloring prin- 
ciple is frequently prejudicial to the tcint of the compound of the mordant 
with a smaller proportion of coloring matter, with which the excess is in a 
state of loose combination, being held, probably, by a mere attraction of sur- 
face (see page 97), and not by chemical affinity. Thus the compoimds of 
both oxides of tin with an excess of the coloring matter of logwood are con- 
siderably inferior in vivacity of color to the compounds of the same oxides with 
a smaller proportion of the coloring matter. The dulness of the color of a 
piece of cotton mordanted with iron liquor, dunged, winced in hot chalky wa- 
ter, and died in a decoction of valonia (see page 119|, may be attributed to 
the deposition of an excess of tannic acid (which is tne astringent principle 
of the valonia] on the neutral and darker colored tannate of iron. 

Now one effect of the application of a small quantity of a strong acid to the 
decoction of the dye-stuff, may be the prevention of the attachment of this ex- 
cess of coloring matter to the mordanted cloth ; an acidulous liquid being 
generally a more powerful solvent of the coloring principle than pure water ; 
and a corresponding effect may take place when the dyed cloth containing an 
excess of coloring matter is exposed to an acidulous liquid, the excess being 
then partly removed from the cloth, through the solvent power of the acid. 

But a more important effect to be attained by the application of an acid is 
the disintegration of the mordant on the cloth, whereby the interior particles 
of the mordant become placed in a better condition for combining with and 
retaining the coloring matter. During the drying of a mordanted piece of 
cotton, the mordant always becomes more or less aggregated ; and if the cloth 
is exposed to a high temperature, the aggregation may become so great with 
some mordants that very little coloring matter is absorbed when the cloth is 
immersed into the dyeing liquid containing no free acid. A remarkable dif- 
ference may be observed between the quantity of the coloring matter of log- 
wood absorbed by a piece of cotton impregnated with either perchloride or 
protochloride of tin, and dried at a very gentle heat, and the quantity of the 
same coloring matter absorbed by a piece of cloth containing the same mor- 
dant, but dried at as high a temperature as the cloth will well support. Even 
two pieces of cotton containing similar quantities of the same tin mordant, 
both dried at a low heat, but one washed in cold water after being dried, and 
the other in hot water, present a very sensible difference in shade when dyed 
in the same infusion of logwood. It is difficult to conceive how such effects 
are produced, except through differences in the state of aggregation of the 
mordant on the cloth. 

But the addition of .a small quantity of sulphuric acid to the dyeing liquid, 
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eau6es the production of a uniform and bright color in both pieces of cotton, 
whether dried at a high or low heat, or washed in hot or cold water. A mere 
trace of acid is generally sufficient to produce this effect, hence it can not be 
supposed to act in all cases by forming a permanent chemical combinatidn with 
the coloring material. 

The disintegration of the precipitated mordant on the cloth seems to be the 
principal effect of the application of an acid in such cases as those now under 
consideration. The interior, uncombined, particles of the mordant thereby 
become exposed, and placed in a condition to unite intimately with the color-* 
ing material, the latter being derived either from the dyeing liquor or from 
the excess in loose combination with the exterior particles of the mordant. 
The disintegration of the mordant by the acid ma^ possibly be a mere mechani- 
cal effect,* independent of any chemical alteration of the mordant, but the 
action of the acid admits of a more satisfactory explanation. The precipitated 
mordant is probably first dissolved by the acid, but is immediately reprecipi' 
tated in intimate combination with the coloring matter ; the acid thereupon be* 
comes liberated, and enabled to act in the same manner on other portions of the 
mordant. Whether the acid be mixed with the dyeing infusion, or applied as 
an alterant (see page 110) to the dyed cloth containing an excess of coloring 
matter, its action is of the same nature. An illustration of this principle is 
afforded by an experiment before referred to, which consists in exposing to the 
diluted fumes of muriatic acid a piece of fcotton, with oxide of iron as the mor- 
dant, dyed to a drab color in infusion of valonia (see page 119). The tannin 
or the astringent principle of the valonia is united only with the exterior parti- 
cles of the oxide of iron, but is there contained in excess ; on the application 
of the acid both the excess of tannin and the interior particles are dissolved, 
brought into contact, and precipitated in intimate combination, the muriatic 
acid being liberated to act on other portions of oxide of iron and tannin in a 
similar manner. 

The preceding explanation of the enlivening effects produced by the appli- 
cation of acids to compounds of organic coloring matters and mordants, refer 
only to those cases in which the quantity of acid sufficient to produce the 
effect is too small to warrant the supposition that it enters into a permanent 
chemical combination with the coloring material. In other cases a sensible 
quantity of fr^e acid unites with the compound of mordant and coloring mat- 
ter, and modifies the properties of the latter by causing a new disposition of 
its particles. 

That the purple compound of the coloring matter of cochineal with protoxide 
of tin, for example, is capable of uniting with free sulphuric acid appears 
evident from the following experiment, communicated to me by Mr. Mercer. 
When a solution of protochloride of tin is added to a decoction of cochineal, 
a purple lake is precipitated, consisting of a compound of the coloring matter 
of cochineal with protoxide of tin mixed with an excess of the protoxide. This 
lake is collected on a filter, carefully washed with distilled water, and digested 
in a given quantity of a solution of carbonate of soda of known strength. The 
proper compound of coloring matter and oxide of tin then dissolves in the 
alkaline carbonate, and the excess of oxide of tin remains undissolved. On mix- 
ing an excess of sulphuric acid with the alkaline solution the pure lake is 
reprecipitated of a much richer color than before being thus treated ; but the 
reprecipitationof thepure lake requires considerably more acid than is necessary 
to neutralize the alkali. None of the lake is thrown down if no more acid is 
applied than the quantity exactly necessary for the neutralization ; but on 
adding more, the precipitation immediately commences, though no free acid 
can be detected in the mixture until the lake is completely thrown down. 

It iis difficult to determine precisely the nature of the modification which 
coloring matters, or compounds of coloring matters and mordants, experience 
by combining with an acid in such a case as the preceding ; some considerm- 

** Examples of the disintegration of precipitates, by being digested in an acid liquid, which exerts 
no chemical action on the precipitates, are by no means rare. Tims, an intimate mixture of pars 
I*rus:sian blue with hydrochloric acid appears to become a perfect solution on standing ; but th* 
particles of the pigment are merely disintegrated, and still exist in an insoluble form. 
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tions on this subject, howeTer, may not be without a practical application in 
the operations of the dye-house. 

Soluble vegetable and animal coloring matters have the property of uniting 
both with acids and bases : with acids, they form feeble combinations pos- 
sessed of lively teints ; but with bases, they afford stronger combinations, hav- 
ing less vivacity of color. In general, the more closely a mordant resembles 
an acid in its chemical character, the brighter are the teints of its compounds 
with coloring materials. Thus, peroxide of iron and peroxide of tin, which 
appear to act the part, sometimes, of feeble acids, produce compounds with 
coloring matters having brighter colors than similar compounds with protox- 
ide of iron and protoxide of tin. But metallic protoxides, which possess a 
greater basic power than their corresponding peroxides, generallv form more 
mtimate combinations with soluble organic coloring materials, than the per- 
oxides, especially if the protoxide is of itself a stable substance, as protoxide 
of tin. Some metallic protoxides also unite with a larger quantity of coloring 
matter than peroxides, but it is uncertain whether the excess is held by chem- 
ical affinity or by a mere attraction of aggregation dependant on the state of 
the surface of what we may consider as the neutral compound of coloring 
matter and mordant. 

For tissues which can combine with and retain strong acids without injury 
to the fibre, as wool and silk,* protoxide of tin is as suitable a mordant as the 
peroxide, because the brightening effect which the mordant fails to produce 
maY be obtained by the application of an acid. For this purpose, oxalic acid 
is frequently applied to woollen goods containing protoxide of tin as the mor 
dant. 

But as very few strong acids can be applied to cotton goods without weak- 
eninof the fibre to a greater or less extent, it becomes necessary, in order to ob- 
tain bright colors, to apply such mordants only as possess some resemblance 
to acids, as alumina, and the peroxides of iron and tin. In the action of such 
bodies on soluble organic colorinp^ materials two forces may be recognised : by 
one, the mordant acts as an acid, producing an enlivening of teint ; by the 

other, it acts as a base, producing an intimate and stable combination. 

• 

DUNGING. 

As the precipitation of the mordant in the form of an insoluble subsalt du- 
ring the hanging or ** ageing" of cotton goods is never complete, it becomes 
necessary to remove the unprecipiiated mordant from the cloth before the dye- 
ing, else a quantity of superfluous coloring matter will be deposited on the 
surface of the cloth, which would have to be removed by subsequent opera- 
tions, besides causing an unnecessary impoverishment of the dyeing liquid. 
But the necessitv for removing the superfluous mordant is chiefly experienced 
with cotton goods on which the mordant is printed so as to produce a pattern. 
If all the mordant which remains in a soluble form is not completely removed 
from such goods, a portion of it may become distributed over the whole sur- 
face of the cloth when the pieces are washed in water or put into the dye- 
beck. 

One process for effecting the complete removal of the unprecipitated mor- 
dant consists in simply drawing the dried goods through a warm emulsion of 
cow-dung and water. The emulsion is usually contained in two stone cis- 
terns, each about six feet long, by three feet wide, and four feet deep : that in one 
cistern contains about two gallons of dung, to the cistern-full of hot water 
that in the second contains only half this proportion of dung. The cloth, on 
beinff taken from the " ageing' -room, is first drawn pretty quickly through the 
emulsion containing most dimg, and immediately afterward through the other 
the cisterns being usually placed end to end, to allow the cloth to be conducted 

* If silk and wool are digrested in dilate sulphuric or muriatic acid, a portion of the acid combines 
with the stulTs, and the liquid is found weaker after than before the immersion. The animal tissues 
also combine with tartaric acid when digested in a solution of cream of tartar (bitartrate of potash), 
leaving neutral tartrate of potash behind. But cotton exhibits no such disposition to unite with 
acids, and when digested in dilute sulphuric or muriatic acid, abstracts the water in preference to 
the acid, thus making the liquid more acid than before the immersion of the cotton. 
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directly from the first to the secoild. The cloth is guided in its passage throoffh 
the cisterns by four or five rollers placed at each end, it being essential to the 
success of this operation that the pieces should be extended and free from folds. 
Immediately tn issuing from the second cistern, the cloth is passed over the 
reel of a contiguous wince-pit (see figs. 31, 32, page 127), where it is well 
washed in clean water, and from the wince-pit it is generally taken to the 
dash-wheel. If the mordant on the cloth is the aluminate of potash, some 
muriate of ammonia is added to the dung emulsion, to ensure the precipita- 
tion of alumina, which it effects by a reaction explained at page 116. Occa- 
sionally, the cloth containing alumioate of potash is passed through a solution 
of muriate of ammonia before it is exposed to the dung emulsion. 

In calico-printing, the dunging process is necessary for all kinds of alumi- 
nous, iron, and tin mordants, when applied to the cloth before the coloring 
matter. The time of immersion, the temperature of the mixture, and the 
number of pieces which may be passed through a given quantity of dung and 
water, depend entirely on the state and quality of the mordants, and on the 
nature of the thickening paste by which the mordants are applied. A piece of 
cotton with a mordant which has a strong acid requires a longer time than a 
piece the mordant on which has a weak acid ; and when the thickening paste 
for a mordant is flour or starch, a higher temperature is required than when 
British gum or common gum is used. The usual temperature of the dung 
emulsion is 160° or 180° Fahr. 

Dunging is one of the most important steps in the process of calico-printing : 
and if badly performed, especially when the mordant on the cloth is alumina^ 
the success of the subsequent dyeing is sometimes greatly endangered. The 
operation has for its object, not merely the removal of the superfluous mordant, 
and in printed goods of the thickening paste by which the ihordant is applied, 
but the detelrmmation of a more intimate union between the mordant and the 
stuJOT, which it seems to eflect by converting the sparingly soluble subsalts on 
the fibre into other compounds, perfectly insoluble. 

Although the objects of the operation of dunging are sufficiently obvious, ^et 
the precise manner in which they are attained is involved in some uncertain- 
ty. According to an analysis by M. Penot, cow-dung contains the following 
ingredients in 100 parts. 

COMPOSITIGN OF COW-DUNG. 

Woody fibre 26*39 

Albumen 0*63 

Chlorophyl 0«28 

A sweet substance 0-93 

A bitter matter 0*74 

Chloride of sodium 0*08 

Salphate of potash 0*05 

Sulphate of lime 0-26 

Carbonate of lime 0*24 

Phosphate of lime 0*46 

Carbonate of iron 0*09 

Silica 0-14 

Water 69«68 

(Loss 0*14) 

lOOKX) 

It is generally admitted that the superfluous or unprecipitated mordant is 
immediately dissolved by the hot water ; but instead of remaining in a state 
of solution it is entirely precipitated in an insoluble form, partly by the albumi- 
nous constituent of the dung, partly by the phosphate and carbonate of lime, 
and partly by the insoluble ligneous fibre, and is therefore rendered incapable 
of attaching itself permanently to the cloth. But it appears that a small por- 
tion of the superfluous mordant dissolved from the cloth by the hot water, in- 
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•tead of being afterward precipitated, is permanently retained in solution in a 
peculiar -state of combination with the animal matter of the dung ; one of the 
characters of which combination is, that it is incapable of afiq^ing a precipe 
itate of subsalt or oxide to the doth. The precise nature oi thiFcompound of 
the mordant with organic matter is not known, but it is believed to be anal- 
ogous to that of several soluble combinations of metallic oxides with organic 
matters which are not affected by certain chemical reagents in the same man- 
ner as ordinary salts of such oxides. Thus, a salt of the protoxide of copper 
in the presence of several organic substances, su^r for instance, is not precip- 
itated by a solution of a caustic alkali ; the douUe tartrate of the peroxide of 
iron and potash does not afford a precipitate of peroxide of iron when mixed 
with a solution of caustic potash, nor does it yield a subsalt to cotton, like 
most other ferruginous salts. 

The constituents of the dung which appear to be principally concerned in 
the fixation of the mordant on the cloth are the albuminous and soluble vegeta- 
ble matters and the phosphate of lime. The former act partly by uniting with 
the base of the subsalt on the cloth, liberating its acid and forming a new com- 
binatioh more insoluble than the previous subsalt. The liberat«d acid may 
soon be detected in the liquid by the test of blue litmus paper, and requires to 
be neutralized, in a few processes, by the introduction of chalk.* The al- 
buminous matter of the dung seems also to exercise an influence as a deter- 
ment or an emollient, whereby it considerably facilitates the detachment of the 
loosely combined mordant. 

The action of the phosphate of lime in the dung emulsion is to cause the 
formation on the cloth of phosphate of alumina or phosphate of iron by a 
double decomposition, the acid in the subsalt uniting at the same time with 
the lime of the phosphate. Both phosphate of iron and phosphate of alumina 
are quite insoluble in water, and also in acetic acid, if warm. 

Within the last few years the dung emulsion has been superseded, either 
partially or entirely, in all well-conducted print-works in Great Britain, by a 
solution of phosphate of soda and phosphate of lime, known by the name of 
^'dung substitute,*' or simply " substitute," for the preparation of which a pat- 
ent has been obtained by Mr. Mercer, Mr. Prince, of Lowell, Massachusetts, 
and Mr. Blyth. A solution of an alkaline arseniate had been long previously 
used as a substitute for dung by Mr. Mercer. 

Dung substitute is prepared by mixing sulphuric acid with bone-earth, 
which consists chiefly of phosphate of lime ; the acid not being applied in 
sufficient quantity to decompose the phosphate of lime entirely, but to pro- 
duce an acid phosphate, or a solution of the phosphate in free phosphoric acid. 
Carbonate of soda is then added to neutralize the free acid completely, and the 
mixture is evaporated until the residuary mass becomes almost dry. When 
the concrete thus obtained is mixed with water, it affords a solution of phos- 

Shate of soda containing some phosphate of lime : a white mud remains un- 
issolved, consisting of sulphate, carbonate, and a little phosphate of lime, 
which should be carefully stirred up when the liquid is about to be used. 

This preparation is not, of itself, an efficient substitute for all the essential, 
or at least for all the important constituents of the dung emulsion. To supply 
an emollient and detergent substance in the place of the albuminous matter 
of the dung, it is found necessary to mix with the above liquid a solution of 
^lue or some other form of gelatine. The material employed for this purpose 
in most print-works is a solution of bone-size, called " cleansing liquor," which 
is made by boiling bones in water for nearly a week, separating the fat which 
rises to the surface of the li(}uid, and evaporating the aqueous solution of gel- 
atine until it attains a density about 36° Twaddell {1*180). The advantajge 
of making thk addition to the phosphates was first pointed out by Mr. 
Mercer. 
When the " aged" cloth is passed through a mixed solution of substitute 

* Oa tlM Continent, it is a common practice to add to the dung emalsion, in all cases, either chalk 
OK bicarbonate of soda, the latter being preferred ; but it is unusaal in this country to make any such 
addition to the dung, except in cases where the cloth contauis a free acid or acidulous salt, as 
tomon-juice or bistilphate of^potash. The smallest excess of an alkaline caibonate should be avoid- 
•4 whMk Blunina is the mordant on the cloth. 
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and gelatine, the latter greatly facilitates the separation of the loosely -com- 
bined mordant, and prevents its reattachment, while the phosphate of lime 
and phosphate o£ soda in the former serve to fix the alumina and oxide of ircoi 
in more intimat^ combination with the stuffs by converting them into phos- 
phates. The acids previously in combination with the alumina and oxide of 
iron (when these bases existed as subsalts) unite at the same time with the 
soda and lime of the substitute. 

The following detailed account of the best mode of applying the solution of 
subsiitute to mordanted goods has been communicated to me by Mr. Mercer. 
It refers to cases in which dung is entirely dispensed with, and in which the 
mordant is applied lo the cloth topicalhr. 

The cloth is exposed to the action oi two solutions of the substitute consec- 
utively ; that first applied, which is considerably stron^r than the other, may 
be contained in a common dung-cistern capable of holding not less than six 
hundred gallons, and furnished with a series of rollers, so as to allow the im- 
mersion of fifteen yards of cJoth at the same time. The weaker solution of 
substitute is applied to the cloth in a wince-pit. 

A normal solution of substitute, called *^ substitute liquor," is first made by 
dissolving the substitute in warm water at the rate of two pounds to the gal- 
loQ. Six gallons of this substitute liquor and two gallons of the cleansing 
liquor are introduced into the cistern, which is then filled with hot water, and 
the pieces of cloth are passed through at the rate of thirty yards per minute. 
The temperature of the solution may be the same, in general, as that of the 
dung-beck, in the common dunging process : for madder purples and pale reds 
^ it should never exceed 140° Fahr., but for madder blacks and full reds it may 
* be a little higher. This cistern requires to be frequently renewed by the addi- 
tion of fresh quantities both of substitute liquor and cleansing liquor. A gal- 
loD of the former and a quart of the latter may be added for every thirty or 
fifty pieces, according to the <' heaviness" of the work, or the quantity and 
atffenffth of the mordant on the cloth. 

When removed from the first cistern, the pieces are well washed in water ;* 
af^er which they are winced in the weaker solution of substitute. This so- 
lution may be contained in a wince-pit or cistern capable of holding about 
three hundred gallons, with which quantity of hot water there should be 
mixed two quarts of substitute liquor and one quart of cleansing liquor. In 
this liquid twenty-eight or thirty pieces are winced for twenty or twenty-five 
minutes, at a temperature about 10° lower than the solution first applied. 
The second cistern requires to be renewed by the' addition of two pints of sub- 
stitute liquor and one pint of cleansing liquor for every twenty-eight pieces. 
Both this and the first cistern should be fresh charged every morning, and 
emptied at night. 

The only remaining operation to which the pieces are subjected, previous 
to being dyed, is a thorough washing in water ; and if the work is heavy, they 
should also be passed between the squeezing-roUers, and again washed. 

Where the use of dung is only partially superseded by that of the substitute, 
tne pieces are sometimes first passed through the common dun? emulsion and 
afterward winced in a weak solution of substitute mixed with cleansing liquor 
or glue ; or the pieces may be first passed in the ordinary manner through a 
miKture of half the usual quantity of dung with half the above proportions of 
8ttl>stitute liquor and cleansing liquor, and be afterward wincea in a solution 
of substitute of the came strength as the second applied as above without any 
dung. For madder rede, the mixture of dung and substitute seems to be more 
advantageous than substitute or dung alone ; but for madder purples and black 
a preference is given to the use of the substitute only. 

The exposure to dung or substitute of cloths mordanted with alumina; should 
net be prolonged a sufficient time to allow of the union of the alumina with a 
fidi proportion of phosphoric acid ; for coloringmatters do not readily displace 
^osphoric aeid from such a combination. The phosphate of irouy on the 
coatiary, is easily decomposed by coloiing matters. 

^'V the work is heavy, it is «1bo ncommended to pus them between the s<iaeetiag-rolUt(i J|l^ 
•Clin wash them in water. 
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In a few dyeinff processes where it is of importance to aroid the aggrega- 
tion of the particles of the mordant as much as possible, the pieces, mstead 
of heing exposed to dung or substitute, may be winced in a mixture of chalk 
and size with hot water. In this case, the chalk serves to fix the mordant on 
the cloth by withdrawing the small quantity of acid remaining in the subsalt ; 
and the loosely-combined mordant separated by the water is precipitated by 
the chalk, and thus rendered incapable of attaching itself to the fibre. If the 
goods contain an aluminous mordant, the process of wincing in chalky water 
should not be prolonged, and only a small proportion of chalk should be em- 
ployed, as the precipitated alumina itself is apt to be remoyed by the action 
of an excess of chalk. 

The dunging process is sometimes superseded by the operation of hranning, 
which consists in wincing the goods in a mixture of bran and hot water. The 
action of bran is proba1i)Jy quite analogous to that of dung, the unprecipitated 
mordant dissolved by the water bein^ separated from the liquid by the insol- 
uble ligneous matter, while the undissolved mordant becomes more strongly 
attached to the cloth by combining with the mucilaginous and glutinous mat- 
ters present, and also with the phosphoric acid of the phosphate of lime in 
the bran. The only cases in which brannin^ is preferred to dunging are those 
m which the cloth is afterward dyed to delicate shades of color by means of 
cochineal and fugitive coloring matters. 

After having been thus exposed to the action of either dung, substitute, 
chalk, or bran, the mordanted c^oods are ready to be exposed to the infusion 
of the dye-stufi* ; and in general, the sooner this is done, the better is the col- 
or they assume. 

The difierent vegetable coloring matters vary so considerably in properties, 
that few observations of general application can be ofiered on the modes of 
preparing the various dyeing liquids. If the substance is very soluble, its so- 
lution may be made in the cold ; but if only slightly soluble, heat may be ap- 
plied, provided the color is not deteriorated by exposure to a moderate heat. 
When a highly-charged solution is required (such as the topical and steam 
colors used in calico-printing), concentration by evaporation is had recourse to; 
many vegetable colors, however, will not support a continued ebullition with- 
out losing something of their color. If the goods are not kept in constant mo- 
tion when in the dye-beck, the infusion should be freed from the insoluble lig- 
neous matters by decantation or filtration ; in some cases this operation may 
be avoided by enclosing the tinctorial matters in bags, which are withdrawn 
from the liquid when suj£ci'ent color is imparted. But if the goods are kept 
in continual motion in the vegetable infusion, as is almost always done with 
cottons, the separation of the insoluble matters is unnecessary. The vegeta- 
ble material is commonly introduced in a state of coarse powder into the dye- 
beck containing cold water ; the pieces of mordanted cotton to be dyed are 
put in at the same time, and the temperature of the liquor is gradually i]> 
creased by the introduction of steam. ' 

In the dyeing of cottons, motion may be communicated to the goods, while 
m the dye-beck, by a wince or reel placed horizontally over the middle of the 
dyeing vessel, so that the cloth may be made to descend into either compart- 
ment of the dye-beck by the rotation of the reel. 

The dyeing vessel, which is commonly constructed of wood,* is rep- 
resented in cross and longitudinal section at figures 31 and 32: a is the 
reel, containing six long wooden spars on its circumference; it is set 
in motion by being connected with one of the driving shafts of the factory. 
Steam is admitted to the vessel by the pipe 5, the upper surface of which has 
a great number of small perforations. Twelve, eighteen, or twenty-four 
pieces of cotton, which are stitched together at their ends so as to form one 
endless web, pass over the reel in the direction of the arrows, and fall on a 
sloping iron ledge g, on one side of the vessel, from which they pass under 
the two rollers c and d. Four, five, or more of such endless webs may be set 

* For madder work, dye-becks made of iron have been lately substitated for Uiose of wood. 
When the metal is completely covered with oxide, it exerts no injurious action on the coloring 
matter. 



in motion by the same reel, they being preT«kted from eDtangliiig by wooden 
bars lepreBented at e, which reach from a crosa-barat the top of the vessel to 

the back. An inclined peirtilion, /, extends through the whole length of the 
dyeing Tessel, formed of several wooden sparB placed a few inches apart iiom 
each other. The ordinary dimensionB of the dyeing vessel, are six feet in 
length, four feet in width, and four feet in depth. 

Such is a general view of the course of operations practised in the dyeing 
of goods with coloring matters, which are naturally soluble in water, by the 
intervention of a mordant. If the coloring principle is i&soluble in water, the 
mordant may be dispensed with ; but it then becomes necessary to devise 
some means of oblaining such a solution of the coloring substance as will al- 
low the deposition of the latter in its insoluble state, when a cloth impregna- 
ted with the solution is eiposed to some chemical agenL This forms the tliird 
style of dyeing in the classification proposed at p^e 107. The principal in- 
soluble vegetable coloring materials ere indigo, safflower, and annatto, the na- 
e of the processes for applying which to cloth has already been explained 



^pwe 100). 
The only o 



r style of dyeing which remains to be noticed is entirely dif- 
ferent from either ot the precedmg; it is practised only on goods formed of 
the animal tissue, and admits of no more than one eiample in illustration. 
By this style, an orange color is imparted to silk and wool, not from the solxt- 
tion of a coloring matter, but by efiecling a certain chemical change in the fi- 
bre, through the action of dilute nitric acid. The orange color is due to i 
mbslance formed by fhe decomposition of a portion of the silt or wool itself 
by the add. ^ 

The temperatuVe of the dye>beck at the time of dyeing depends almost en- 
tirely on the nature of the coloring matter. If it is readily attachable to the 
tissue, as indigo and coloring principles derived from metallic substances, fojt 
instance, and if easily altered by heat, as safflower, the dyeing solulicoi may 
be used cold. But a hot liquid generally affords the most tmiform colot, 
partly on account of the more ready disengagement of aix-bnbbles from be- 
tween the fibres of the cloth. Dyeing with vegetable and animal colorin^f 
matters which require a mordant, is also effect^ more rapidly with the as- 
sistance of heat, owing to the increased disposition of the mordant to unite 
with the coloring principle. In a few dyeing processes, however, where tha 
mordant exists on the cloth in a soluble state when about to be dyed, a high 
temperature in the dye-beck is injurious, from the separation of a portion of 
the mordant from the cloth by the solvent action of the dyeing liquor. Hence 
it is that cott[»i, silk, and flax, impregnated with alum, absorb more colormg 
laatiet from some solutions at the wdmary temperature than at the boiling 
point. Where the operations are cmducted on anything appioaching a. coQ' 
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siderable scale, the most convenient and the most economical soorce of heat 
for the dye-beck is steam, which may be applied in three ways: I*', by intro- 
ducing it directly into the liquid by a pipe leading from the boiler ; 2^, by 
causing it lo circulate through a spiral pipe placed in the dye-beck ; and 3®, 
by introducing it between the dye-copper and an exterior wooden case. 

The vessels in which the dyeing decoctions are made and concentrated by 
evaporation, are usually of copper ; for some delicate d^es, when a steam heat 
is applied, they are made of tin or of copper tinned mside. Copper boilers 
sometimes exercise considerable influence on the teints of the decoctions pre- 
pared in them, owing to the solution of some oxide of copper from the surface 
of the metal, by an acid existing either in the mordant or the dyestuff. A 
solution of alum which has been boiled for some time in a copper vessel, affords 
with ammonia a blue instead of a white precipitate ; and wool acquires a 
greenish-gray teint when kept for some hours in a boiling solution of alum with 
cream of tartar contained in a copper vessel, which would not happen with 
the same solution in a vessel of tin. 

In general, the vegetable and animal fibres become colored much more 
readily when unspun than when wove into cloth. Wool in flocks, after having 
been washed, digested in an alkoline ley, and bleached by sftphurous acid, 
takes more color than when spun into yam, and the yarn more than when 
wove into cloth. This doubtless arises from the comparative difficulty with 
which the solution of the coloring matter obtains access to the internal fibres 
of the spun or woven tissue. The color of the interior of a piece of thick 
woollen cloth dyed in the piece, is often less intense to the eye than the color 
of the exterior. Certain disadvantages, however, sometimes attend the dyeing 
of wool in flocks and in thread : some colors, for instance, are susceptible of 
alteration in the subsequent manipulations in weaving ; the texture of the 
fibre is sometimes altered so as to present inconveniences in these operations, 
and it is more expensive from the subsequent waste of some of the material. 

The routine of finishing operations practised on cloths after being dyed, is 
varied considerably, according to the style of work and the nature of the stuff 
operated on. When the goods have remained a sufficient length of time in 
the dye-beck, they are removed and carefully washed in water to separate the 
colored liquid retained mechanically between the fibres. The drymg of the 
waited goods, if silk and wool, is usually efi'ected by exposure to the air at 
common temperatures; but occasionally heat is applied, the goods being 
introduced into a well- ventilated apartment heated by the circulation of steam- 
pipes. The drying of goods dyed with delicate colors should always be per- 
formed in the shade. 

The following account of the course of finishing operations practised on 
eiLlico printed and dyed according to the madder style, will afibrd a general 
view of the treatment of cotton goods after having been dyed by means of a 
vegetable infusion with the intervention of a mordant. Some of the opera- 
t^ns here noticed are unnecessary, however, in other styles of dyeing and 
printing. 

Immediately contiguous to the dye-beok are usually placed two stone cistems 
containing cold water, each surmounted by a reel, similar to that shown in . 

Ss. 31 and 32. In one of these cisterns the cloth is washed as soon as it is 
£en out of the dyeing liquor, motion being communicated to the cloth by 
means of the reel. From the first cistern the pieces are transferred to the 
second, containing clean cold water, and from thence to a washing vessel of 
particular construction, called the dash^wheel (fi^. 33). This is a hollow, ciroo- 
faff, perpendicular wheel of five ^or six feet in diameter, and nearly two feet in 
depth, divided into four equal comportments by partitionsiproceedingifrom the 
«g(is to the ciroumferesce, each of which has a circular opening on <xie face 
of the -wheel. Water is admitted into the compartments by a pipe concentric 
with the axis on which the wheel rotates. The pieces of cloth to be washed 
fire put into the compartments through ihe circular openings in front, and 
>w«ter being admitted, the wheel lis -made to rotate rapid^, and. thus wash tibe 
^loth with GOQSiiderable s^tation. 
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In the washing of cloths which require delicate treatment, as those dyed 
widifancy orBpiiit colors, for which the action of the dash-wheel is much too 
energetic, anotter washing apparatus is employed, called the rinsing machine, 
tkn iaea of the ordinarj' construction of which will be afforded by the represen- 
tation of its lougitadinal section at fig. 34. It consists of a rectangular wooden 
cistern of from twenty lo thirty feet long, three feet wide, and four feel high 
at one end, and three feet high at the other. The cistern is divided transverse- 
ly into from six to ten compartments, by partitions which gradually decrease 



in height from the higher to the lower end of the vessel. In each compart* 
. ment except the highest, are placed three rollers, to regulate the passage of 
the cloth through the cistern, two of the rollers being near the bottom and 
the other -at the top. Above each partition are placed two more rollers nearly 
io contact ; and those above the higher end of the cistern and the first parti- 
tion are squeezing rollers subject to considerable pressure, and worked by 
machinery connected with one of the driving shafts of the factoiY. The pieces 
of cloth lo be washed are introduced into the cistern at the lower end, and 
traverse each compartment successively, being drawn through by the traction 
of the squeezing rollers at the upper end. A stream of clear water is made 
to flow into the cistern at the higher end and out at the lower, while the cloth 
is passing in the opposite direction ; by which arrangement the cloth is brought 
successively into contact with purer portions of water and is discharged at the 
top perfectly clean. In the machine represented in the above figure, the water 
flows from oae compartment into another through apertures near the tops of • 
the partitions, and not over the partitions. In another form of the rinsing 
machine, the water passes from one compartment into tbvnext through aper- 
tures at the tops anibottoms of the partitions alternately. It is to be obser- 
ved that this machine is used only for goods which require «iore delicate treat 
ment than is compatible with the dash-wheel or the winceNjiit. 

While the cloth ia in the dye-beck, a considerable quantity of colormg nut- 
ta attaches itself to the sarfitce i^tliecloth, BotiBchmakalcombinatiittwkk 
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the mordant, but too strongly attached to be easily remored by washing in clean 
water. To get rid of this superfluous color, the cloth, after having been washed 
at the dash-wheel, is winced either in a mixture of bran* and boiling water, 
containing about a bushel and a half of wheat bran for every ten pieces of 
calico, or else in a dilute solution of soap. The addition of a little caustic 
alkali to the soap or bran is sometimes made ; but neither an alkali nor soap 
can be used for tois purpose without great care, as the teints of all vegetable 
coloring principles are slightly deteriorated by these agents. For most vege- 
table coloring matters besides madder, bran only is admissible ; and even in 
bran-water, the wincing sometimes must not exceed a few minutes. With 
madder colors only, the wincing may be continued for from ten to twenty 
minutes. 

The complete removal of the superfluous color from a piece of cloth which 
is to present a white pattern is generally efiected, when madder is the only 
vegetable coloring matter present, by wmcing the cloth for a few minutes in 
a solution of chloride of lime, not stronger than 3° Twaddell (1015). This 
operation usually follows that of branning of soaping, but sometimes thebran- 
nmg is altogether omitted when the solution of chloride of lime is employed. 

Few vegetable coloring matters, however, can be exposed to the action of 
chloride of lime without considerable deterioration ; hence, when other dye- 
stufis than madder are employed, the *' clearing" of the dyed cloth is eflected, 
sometime by exposure to air and light,, but the process of branning or soaping 
is generally found to be sufficient of itself. 

After having been thus cleared of the redundant color, the cloth is washed, 
and then submitted *to an operation for expelling almost the whole of the water 
it contains ; which consists either in passing it between two rollers revolving 
against each other under considerable pressure (squeezing rollers), or else in 
rotating the cloth so rapidly as to cause the water to be driven out bjr the 
centrifugal force thus excited. One of the machines used for the latter 'pur- 
pose is represented in perpendicular section across the centre at fig. 35, and as 

Fig. 36. 





viewed from above in fig. 36 : « and b are two copper cylinders connected 
together at bottom so as to form one vessel, which rotates with the axis c. 
These cylinders are enclosed in a wooden case d, which is in communication, 
at bottom, with a drain or gutter. The cylinder b has a great number of small 
perforations, and is divided by partitions into four equal compartments. The 
wet cloth which is to be dried is placed in the compartments between the two 
cylinders, and the apparatus is rotated with a velocity of nine hundred or 
a thousand revolutions per minute ; the water is thereby driven from the 
cloth through the perforations in the cylinder b to the outer case, whence it 

* In effecting the removal of this excess of coloring matter, the most active constituent of the 
bran seems to be the hittlcy part. The feebly combined coloring principle dissolred by the hot water 
and' the mucilaginous matters present, instead of being retained in solution, is precipitated on the 
husky surface, and thus prevented from again attaching itself to the cloth. Coarse bran is better adap- 
ted for this purpose thaft fine, and flour seems to be altogether useless. An interesting memoir by M* 
KcBchlin-Schouch, on tl^e use of bran in this operation (termed " clearing'Oi i> coixtaJlied ia the luntll 
volume of the BuUetin^ifU fa Sitdetc IniuitrUlU dt MuUMum, 
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Fig. 37. 




flows out by a gutter or drain. After a few minutes the cloth becomes nearly 
dry, and when the machine is opened, is found to be strongly compressed 
against the perforated cylinder.* In another form of this machine, which 
works wit}i much less noise than the preceding, the cylinders are arranged 
vertically, so as to form an apparatus somewhat resembling the dash-wheel 
(fig. 33, page 129). 

When the cloth has been thus far dried, either by the squeezers or the "water 
extracter" just described, it is folded evenly and then passed, in the length of 
ten pieces, through a mixture of blue starch and water. A cross section of the 

starching machine is represented in fig. 37 : a 
is a wooden trough to contain the mucilagin- 
ous liquid ; & is a small cylinder revolving in 
the liquid ; around this is passed the web of 
calico c, which is then drawn over a fixed 
brass bar d, with diagonal notches on its firont, 
for the purpose of removing creases from the 
cloth; 6 is a wooden cylinder covered with 
cloth, revolving.in close contact with the brass 
cylinder/; the calico is passed between these 
.cylinders to be freed trom the superfluous 
starch, and is then rolled ofi* upon the cylinder 
g, the axis of which is not fixed, but so con- 
trived as to recede mdually from the wooden 
cylinder as the rdl of calico increases in 
diameter. 

After being starched, the ten pieces of calico 
are passed through the steam drying machine^ 
which consists of several hollow copper cylin- 
ders, each about twenty inches in diameter 
and three feet in length, fitted up with ma- 
chinery by whiclball the cylinders or drums may be rotated together at the same 
velocity. Steam is admitted to the drums through stufi^g boxes at one end 
of the axes, and at the other end are placed pipes to discharge the condensed 
water. The number of drums arranged together in one system varies from 
five to thirteen, according to the quantity of work requirea; they are some- 
times placed in one line, but usudly in two lines, one immediately over the 

other (as fig. 38), with the circum- 
^^' ^* ference of one drum distant about 

four o^r six inches from that of the 

next m the line of the axes of the 

drums. The calico passes through 

the machine in the direction of the 

arrow in the above figure. The 

drums are surmounted by a hood and 

flue for the purpose of 'conducting 

the stream out of the chamber. 

The last finishing operation to 

which dyed and printed cottons are sometimes subjected is calendering or 

glazing, the object of which is to make the surface of the cloth smooth, com- 

Sact, and uniform. This is effected by passing the piece between two cylin- 
ers revolviAff in such close contact that their pressure gives the cloth the 
appearance of having been ironed. One of the cylinders is made of iron, and 
is hollow for the purpose of admitting steam or a hot iron rod, when the 
application of heat is necessary. The material of the other cylinder was for- 
merly wood, but for some years past pasteboard has been very generally 
substituted. The cylinder of paper has several decided advantages over that of 
wood. It takes a finer polish, it has no tendency to crack or warp, and from 
having a certain degree of elasticity, it gives a more equal pressure on all parts 
of the cloth than could be applied by a wooden cylinder. The paper cylinder is 
*Ilito mftfJrimt ia known \ff tlie name of "water extrtcter.** 
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constructed by placing circular discs of stout pasteboard on a square bar of 
wrought iron as an axis. The external discs are of cast iron, a little less in diam- 
eter than the remainder of the cylinder. The discs being screwed down tight, 
the cylinder is placed in a stove, and kept for several days at as high a tempera- 
ture as the paper will bear without being charred or rendered very brittle. As 
the moisture is dnven off, the pasteboard shrinks, and the screws must be 
tightened to keep the mass as compressed as possible. When no further dimi- 
nution in bulk is perceived, the cylinder is removed from the stove, and care- 
fully turned on a lathe. The diameter of the paper cylinder is usually four- 
teen inches, and that of the opposed iron cylinder eight inches. Four or five 
cylinders are commonly arranged together one over the other on the same 
frame. 

The glazing of calicoes was formerly executed by the hand with a hot iron, 
at an expense of about one shilling per piece of twenty-eight yards; the cost 
of glazing by machinery as above is from threepence to sixpence per piece. 



The purity of the water employed in dyeing operations is a subject which 
deserves the especial attention or the practical dyer. The finest colors are in 
almost all cases obtained by making use of distilled water, that being free from 
all earthy impurities. Bain water and the water of an Artesian well are, in 

general, hetter adapted for dyeing than spring water and river water, as the 
itter contain in solution a quantity of lime, which sometimes fall- down in 
combination with the coloring matter as an insoluble precipitate, occasioning 
a considerable loss of dye-stuff. Spring and river water also generally contain 
a sensible quantity of iron, which always communicates a brown tinge to the 
goods washed in such waters* 

Whea the yellowish Dutch madder is boiled with pure distilled or rain 
water, the residuary ligneous matter has a light brown color, and imparts only 
a faint red color to a boiline solution of alum. When, on the other hand, 
^ring water is substituted, the residue is dark reddish-brown, and a solution 
of alum in which it is bc»led becomes of a dark red coLor. In the first case, 
the quantity of madder red remaining the residue is much less than in the 
second. The madder red at first dissolved is precipitated by the lime of the 
spring water, imparting to the residue its dark color, and is dissolved by the 
boiling solution of alum. Hence pure water dissolves more madder red than 
water liolding lime in solution. Similar results are obtained with Femambouc- 
Wood and log[wood. (Dr. F. Runge, Farhen^ckemie.) 

In some print-works in Lancashire distinguished for their fancy styles, it is 
a common practice to add a Httle dilute sulphuric acid to the water, if the 
latter contains carbonate of lime. The sulphuric acid converts the carbonate 
into sulphate of lime, which scarcely affects the brilliancy of the colors of the 
dyed or printed goods. It is of importance that there should be no excess of 
the acid. When cochineal colors are washed, distilled water is usually em- 
ployed ; but where this can not be readily obtained in sufficient quantity, water 
treated with acid, as above, is used. These remarks are applicable to water 
containing calcareous matters only. 

Dr. Clarke's process for purifying water from carbonate of lime has not yet 
been introduced into the Lancashire print-works, but if efficiently conducted, 
it would no doubt be found highly advantageous. 

Water which infiltrates marshy ground often contains in solution a quantity 
of decomposed vegetable matter, which is also very detrimental to certain 
colors. Not only is the shade of color modified by the attachment of the 
oreanic matter, but certain metallic coloring materials, especially chrome- 
ydlow and chrome-orange, are decomposed and* converted mto a brownish- 
Dlack substance through the action of the organic matter. This proceeds from 
the g^eneration of soluble earthy or alkaline sulphurets through the decom- 
position of the soluble sulphates which spring water always contains ; the 
blackening of the chrome-yellow and chrome-orange is due to the formation 
of sulphuret of lead by the actiim of the soluble solphuret thus produced. 
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A simple and efficacious method of rendering hard water well adapted for 
dyeing operations is practised at the Dukinfield branch of the Mayfield print- 
works, Manchester, on all the water consumed there, which amounts to six 
pr eight hundred thousand gallons daily. It merely consists in mixing the 
refuse of the madder dye-becks with the water ; the remaining coloring matters 
of the madder then precipitate ihe iron and lime in an insoluble form, and the 
water is obtained dear and fit for use by allowing the precipitate to settle 
in a large reservoir, and tflen filtering the water through a bed of gravel. 

At an extensive silk-dyeing estabhshment in London, the only water em« 
ployed is that raised from an Artesian well. 

tn one dyeing process, however, namely, the production of a black color by 
means of infusion of galls, valonia, or sumach, and copperas, the water which 
is preferred by some dyers is hard spring water. To produce in a liquid a 
given depth of color, distilled water requires more dye-stuff than common 
spring water. This is illustrated in the following experiment devised by Mr. 
Philhpps. Into two glass jars of the same size, each half filled with distilled 
water, introduce equal quantities of infusion or tincture of galls or sumach, 
and an equal number of drops (only three or four) of a solution of copperas. 
A faint purplish color will be developed in both jars ; but if one is filled with 
spring water, the color in that rapidly becomes dark reddish-black, and one 
half more water is required to reduce it to the same shade of color as the other. 
The water which is found by experience to be best adapted for dyeing with 
galls and sulphate of iron differs from distilled water in containing sulphate 
of lime, carbonate of lime held in solution by free carbonic acid, and chloride 
of calcium. The beneficial ingredient seems to be the carbonate of lime, which 
possesses slight alkaline properties ; for, if the smallest quantity of ammonia, 
or of bicarbonate of potasn, is added to the distilled water in the above experi- 
ments, the purple color is struck as rapidly and as deeply as in the spring 
water ; chloride of calcium and sulphate of lime, on the contrary, produce no 
sensible change either in the depth of color or the teint. The effect is no 
doubt referable to the action of the alkali or lime on the protosulphate of iron, 
by which the sulphuric acid of the latter is withdrawn, and hydrated protoxide 
of iron set free ; for protoxide of iron is much more easily peroxidized and 
acted on by tannic and gallic acids (the dyeing principles of galls) when in 
the free and hydrated state, than when in combination with sulphuric acid. 
Neither the caustic fixed alkalies (potash and soda) nor their carbonates can 
be well introduced in the above experiments, as the slightest excess reacts on 
the purple color, converting it into a reddish-brown. Ammonia, lime-water, 
and the alkaline bicarbonates also produce a reddening, and if applied in con- 
siderable quantity, a brownish tinge. 

But the dyeing operations in which hard water is prefeiqiible to soft are so 
few in number, that the generality of the above statement concerning the 
superiority of soft water is scarcely at .all affected. 

§ IV. CALICO-PRINTING PROCESSES. 

Although the different methods of procedure in the printing of cottons are 
almost as numerous as the difierent kinds of patterns which may be produced, 
yet each color in a pattern is always applied by one of six different styles of 
work, by the proper combination of two or. more of which the cloth may be 
ornamented with any pattern, however complicated. These styles are quite 
distinct from one another ; each requires a peculiar process and a different 
manipulation. 

The six styles alluded to are the following : — 

1. Madder stylet for soluble vegetable and animal coloring materials. — ^In this 
kind of work, whicn derives its name from being chiefly practised with madder, 
the thickened mordant is first imprinted on the white cloth in patterns, and 
after the cloth has been a^ed and dunged, the color is imparted by passing the 
cloth throuffh the dye-beck. On those portions of the cloth on which the mor- 
dant is appUed, the coloring matter attaches itself in a durable manner, but ca 
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the vnmordanted pordoas the color is feehly attached, 8o that it may be wholly 
remoyed by washing either in soap and water, in a mixture of bran and water, 
or in a dilate solution of chloride of lime. 

2. Topical Style J for Steam and Topical Colors. — Such coloring matters as 
are incompletely, or not at all, precipitated from their solutions on being mixed 
with certain solutions of a mordant, are sometimes printed on the cloth with 
the mordant, and the fixation of the color is afterward effected by exposing 
the cloth to steam. Some coloring matters applfM topically in a state of 
solution become firmly attached to tne cloth without a mordant and without 
the process of steaming, but merely by drying with exposure to the air. 

3. For Mineral Colors {Padding Style). — To produce a figure in a mineral 
coloring material the cloth may be nrst printed with one of the two saline 
solutions, and be afterward uniformly impregnated with the other. To obtain 
a ground of a mineral color, one or both of the solutions may be applied by the 
padding machine. 

4. Resist Style. — In the processes referable to the resist style, the white cloth 
is first imprinted with a substance called the resist, or resist paste, which has the 
property of preventing those portions of the cloth on which it is applied from 
acquiring color when afterward exposed to a dyeing liauid. Resists are 
divisible into two classes ; one is employed to prevent the attachment of- a 
mordant, and the other that of a colormg matter. 

5. Discharge Style. — The object of the processes belonging to this style of 
work is the production of a white or colored figure on a colored ground. This 
is effected by applying topically to the cloth already dyed or mordanted, a 
substance called the discharger, which has the property of decomposing or 
dissolving out either the colonng matter or the mordant. Chlorine and chromic 
acid are the common discharging agents for decomposing a vegetable or animal 
coloring matter, and an acid solution for dissolving a mordant. 

6. For China Blue. — This is a very peculiar style, and is practised with one 
coloring matter only, namely, indis^o. This pigment is prmted on the cloth 
in its insoluble state, and is dissolved and transferred to the interior of the 
fibre by the successive application of lime and copperas, with exposure to 
the air. 

The topical application of the coloring matter, mordant, discharge, or resist, 
may be made by five different methods : — 

1. The simplest is by means of a wooden block, of from nine to twelve 
inches in length, and from four to seven inches in breadth, bearing the design 
in relief as an ordinary woodcut ; or, when the design is complicated, and a 
verjT distinct impression is required, the figure is sometimes formed by the in- 
sertion of narrow slips of flattened copper wire, the interstices being filled with 
felt. The block i^ worked by the hand, and is made of sycamore, holly, or 
pear-tree wood, on a substratum of some commoner kind of wood. It is charged 
with color or mordant by pressing it gently on a piece of superfine woollen 
doth, called the sieve, which is kept uniformly covered with the thickened 
coloring matter or mordant by an attendant boy or girl, called the " tearer,'* 

(corrupted from the French word tireur), who takes the color up by a brush 
rom a small pot and applies it evenlv to the woollen cloth. This cloth is 
stretched tight over a wooden drum, which floats in a tub full of old paste or 
thick mucilage to eive it sufficient elasticity to allow every part of the raised 
device on the block to acquire a coating of color. The calico being laid flat 
on a table covered with a blanket, the charged block is applied to its surface 
(the printer being guided where to appl)r the black by small pins at the cor- 
ners) and struck gently to transfer the impression. The application of the 
block to the woollen cloth and the calico alternately is continued until the 
whole piece of calico is printed. By the ordinary method, a single block prints 
only a single color ; hence, if the design contain five or more colors, and all 
be printed by block, five or more blocks will be required, all equal in size with 
the raised parts in each corresponding with the depressed parts in all the others. 
If the design, however, requires mfferent colors to be applied in figures in 
stiniight and parallel stripes, all the stripes' may be applied by one block at a 
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mn^e impression, and the block is also charged with the different colors by 
a single application to the surface of woollen cloth. The colors to be applied 
are contained in as many small tin troughs as there are colors, arranged in a 
line. A little of each color is transferred from the troughs to the woollen cloth 
by a kind of wire brush consisting of wires fixed in a narrow piece of wood. 
The color is distributed evenly in stripes over the surface of the sieve, by a 
wooden roller or rubber covered with fine woollen cloth. For the rainbow 
style, the cdLors are blended into one another at their edges by a brush or rub- 
ber drawn to and fro in a straight line. , 

. An important improvement in the construction of the hand-block has been 
recently adopted in most wdl-conductcd print-works, which consists in the 
application of a stereotype plate a« the printing surface. To make the stereo-, 
type plate, a model is first formed from the pattera, about five or six inches 
in length, and from an inch and a half to five inches in width, according to 
the design. A mould is produced by stamping from the model ; and from the 
mould, fixed in a block, the stereotype copies are produced in a mixed metal, 
composed of eight parts of bismuth, five parts of Lead, and three parts of tin* 
When a sufficient number of the pieces is prepared, their suilaces are filed 
down, and thev are then fixed to a stout piece of wood. 

2. The hand-block has been superseded to a great extent on most parts of 
the Continent by a machine called the Perrotine, in honor of M. Perrot, of 
Rouen, its inventor. This machine executes block-printin? by mechanical 
power, and is intermediate in its mode of working between block-printing and 
cylinder-printing, to be noticed immediately. The perrotine is* composed of 
three or four wooden blocks, from two to five inches broad, and as long as the 
breadth of the cloth to be printed. The blocks are faced with pear-tree wood 
and engraved in relief. They arie mounted in a cast-iron frame with their 
plane At right angles to each other, and by a simple contrivance are charged 
with a coat of colored paste and then pressed successively against the cloth 
to be printed. The cloth is drawn by a winding cylinder between the engraved 
blocks and a square prism of iron, mounted so as to revolve on an axis against the 
blocks. Two or three only of these machines are in operation in this country. 

3. About the commencement of the present century the hand-block and flat 
copper-plate, till then the only means of impression possessefd by the printer, 
began to be superseded, for most styles ot work, by cylinders of engraved 

copper. A general idea of 
the nature of this mode of 
printing may be conceived 
with the assistance of the 
annexed figure ; a repre- 
sents the engraved cylinder 
or roller, mounted on a 
strong frame-work, so as 
to revolve against two other 
cylinders b and c. The 
cylinder c, which is cover- 
ed with a woollen cloth, 
dips into the trough </, con- 
taming the solution of the. 
coloring matter or mcrdant 
properly thickened and 
thus acquiring itself a coat- 
^/ ing of the color, imparts 
some of it in the act of 
rotation to the. engraved 
roller a: 5 is a large iron 
drum or cylinder, the sur- 
face of which is rendered 
elastic by several folds of 
woollen cloth ; around this 



Fig. 39. 
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drum tnyels an endless web of blanket-stuff, e« in the direction of the arrows, 
accompanied by the calico passing between it and the engraved cylinder. 
The pressure of the cylinders against each other is regulated by screws or 
levers, which can be tightened or slackened at pleasure. 

The excess of coloring matter or mordant which is communicated to the 
engraved roller by the cylinder c must obviously be removed before it comes 
into contact with the calico ; this is accomplished by scraping the surface <^ 
the roller as it revolves, by a sharp-edged plate, usually of steel, called> the 
color doctor {g). Another similar plate is placed on the opposite side, called 
the lint doctor , the office of which is to remove the fibres which the roller ac- 
quires from the calico. With some color mixtures and mordants, those con- 
taining salts of copper for instance, doctors composed of gun metal, bronze, 
brass, and similar alloys, are substituted for those of steel, as the latter would 
become corroded through the chemical action of the mordant or color mixture. 

Such is the method of printing calicoes by the roller for a single color ; but 
the mordants or mixtures for two, three, or even eight colors may be applied 
at the same time by having as many engraved rollers with their appendages 
revolving simultaneously against the iron drum, as represented in fig. 39, by 
the dotted cylinders and troughs h, h, t, t. Extreme nicety of arrangement is 
required to bring all the rollers to print the cloth at the proper places, but when 
once properly adjusted each may be made to deposite its color or mordant on 
the calico with the greatest certainty and regularity. 

The diameter of the printing roller varies from four or six inches to a foot or 
even more ; its length varies from thirty to forty inches, according to the breadth 
of the calico to be printed. It was formerly made of pJates of copper hamrfier- 
ed into a circular form and joined by brazing ; but as the engraving easily 
gives way on th^ brazed joint, the roller is now bored and turned from a solid 
piece of metal. The engraving is not commonly etched by the dtdinary 
graver, as was formerly done at a great expense, but by the pressure of a steel 
roller, called the diet from three to four inches in length (according to the 
pattern), containing the figures in relief which it imparts in intaglio to the 
softer copper. The steel die is made in a similar manner by powerful pressure 
against another steel roller called the mill, of similar size, wbich is engraved 
by the common graver while in the soft state, and afterward hardened by 
being heated and then plunged into cold water. The steel die to receive the 
figure in relief is also in the sc^t state when pressed against the hardened 
engraved mill, and is itself hardened before being applied to the copper roller. 
The cost of engraving a roller in this manner is very little more than one 
eighth that of engraving by the hand. 

For some peculiar styles of pattern, the copper roller is etched instead of 
being engraved by indentation. The roller being heated by the transmission 
of steam through its axis, is covered with a thin coat of resist varnish, and 
when it is cold, the pattern .is traced with a diamond point by a very com- 
plicated and ingenious system of machinery, the roller being slowly revolved at 
the same time in a horizontal line beneath the tracer. After naving been 
etched on its whole surface, the roller is suspended for about five minutes in a 
trough containing dilute nitric acid, which dissolves the copper in the lines 
exposed by the removal of the varnish, but the parts still covered remain un- 
acted on. The importance and value of this method arises from hs afiording 
an endless variety of curious configurations, which can hardly be copied or 
even imitated by the hand engraver. 

The following ingenious method of imparting a printing surface to a copper 
roller has been extensively practised of late in one of the best-conducted print- 
works in Lancashire. It is only applicable to rollers to be used for printing a 
full ground, sprigs or other designs being left blank, for grounding in other 
colors if required by the block, at a subsequent operation. 

The copper roller is, in the first place, painted with a resist varnish on its 
whole surface, with the exception of the figures to be left blank ; and to render 
the blank parts perfectly clean, the roller is dipped, first, into weak nitric acid, 
and immediately afterward, into clean water. From the water, the roller 
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is transferred to a solution of sulphate of copper and placed in connexion with 
a galvanic battery, whereby it acquires a coating of copi>er on the designs 
where the yarnish had not been applied. These raised designs are afterward 
polished smooth, so that when the roller is in use, they become perfectly 
cleared by the '* doctor," and the ground only is imprinted on the cloth. It 
will be obsenred that this method of obtaining a printing surface is essentially 
different, in principle, from the etching process just described ; in one method, 
the surface of the roller is covered with yarnish on the parts to be raised, and 
in' the other, on the parts to be depressed. 

4. A very ingenious method of printing has been lately introduced, distinguish* 
ed as ** press printing," by which block printing with several different colors 
may be executed at one impression. A sketch of the principal parts of the 
press-printing machine is shown in fig. 40. The block itself a consists of a 
well prepared tablet of wood, about two feet six inches square, supported in 
H^ iron frame in such a manner that it can be raised or lowered vertically at 
pleasure. The face of the block is divided into as many stripes (crosswavs 
with the table) as there are colors to be .printed, which we may suppose, tar 
illustration, to be five. The stripes are about six inches in breadtn and as 
long as the breadth of the cloth to be printed ; each one prints a different 
color, and the whole five form together the combined pattern. The printing 
surfaces are stereotype casts, made of the mixed metal, bismuth, tin, and 
lead (see page 135). 




The mode of applying the colors to the printing surface is very ingenious. 
At the bottom of the wooden frame d, near to one end of the table, is a felt 
cushion about the same size as the entire block, and inamediately within one 
side of the frame are arranged in a line five little troughs (or as many as there 
are colors to be printed), containing the thickened colors. By means of a long 
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piece of wood, so formed as to dip into all the troughs at once, the attendant 
<' tearer" applies a little of each of the five colors to the si^face of felt, over 
which the colors are evenly spread by a brush in five stripes without any in- 
termixture. The breadth of the stripes is the same as the breadth of the 
stereotype rows on the block. 

The cushion being thus charged, the frame is slid forward on the table on 
a kind of railway, until it lies immediately underneath the block, which ia 
then lowered bv the '* pressman" upon the felt cushion, whereby each of the 
five stripes on tlie block becomes charged with its proper color. This being 
done, the block is raised, the color-frame withdrawn, and the block caused to 
descend on the cloth, which it imprints in five rows with different colors. 
When the block is raised, the cloth is drawn lengthwise over the table about 
six inches, or exactly the width of one stripe on the block : the " tearer" again 
slides over the cushion with more color, and the block is again charged ani 
applied to the cloth. As a length of the cloth equal to the width of a stripe 
is drawn from underneath the block at each impression, every part of the cloth 
is brought into contact successively with all tne stripes on the block. The 
part pnnted by the fifth stripe at the first impression becomes printed by the 
fourth stripe at the second impression, by the third stripe at the third impres- 
sion, bv the second stripe at the fourth impression, and by the first stripe at 
the fiftn impression. When this machine is well managed, its action is very 
neat ; but extreme nicety is required in properly adjusting all the moving parts 
of the press in order to prevent confusion of the colors and distortion of the 
pattern. 

5. The only mode of printing which remains to be noticed is <* surface print- 
ing,'' which is merely a modification of roller printing, the cylinder being made 
of wood instead of copper. The pattern is either cut in relief, as in the ordinary 
block, or it is formed by the insertion, edgewise, of flattened pieces of copper 
wire. This cylinder is mounted in a frame as the copper roller, and is sup- 
plied with color by revolving against the surface of an endless web of woollen 
cloth, which passes into a trough containing the color or mordant. Surface 
printing is scarcely at all practised in this country, but in certain styles of work 
it presents some advantages over copper roller printing, particularly where 
suDStances, which corrode copper, but not wood, are to be applied. It is prac- 
tised more extensively in Ireland than in Lancashire. 

Thickeners, — The thickening of the solution of the mordant or the coloring 
matter in order to prevent the liquid from extending beyond the proper limits 
of the design, is a subject which requires considerable attention in the success- 
ful practice of calico-printing. The degree of consistency and the nature of 
the thickening material reauire to be varied according to the minuteness of 
the design and the nature or the substance to be applied, for particular color- 
ing matters and particular mordants often require particular thickeners. Two 
similar solutions of the same mordant, equally thickened, but with difierenc 
materials, afibrd different shades of color when dyed in the same infusion ;* 
and the time required for the fixation of the mordant 'durinff the ageing is 
considerably affected by the nature and consistence pf the thickening material 
with which the mordant had been applied. 

The following is a list of the thickening materials commonly employed : — 

1 . Wheat starch. 

2. Flour. 

3. Gum arabic. 

4. British gum. 

5. Calcined potato starch. 

6. Gum Senegal. 

7. Gum tragacanth. 

8. Salep. 

9. Pipe-clay, mixed with either gum arabic or gum Senegal. 
10. China clay, mixed with gum arabic or Senegal. 

* Solations of salts of iron or copper thickened with starch give a deeper color to the cloth, 
afterwards dyed, than the same solations if thickened with gum arabic. . 
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11. Dextrin. 

12. Potato stanch. 

13. Rice starch. 

14. Sas^o, common and torrefied. 

15. SuTphate of lead, mixed with g^um arabic or Senegal. 

The most useful thickeners are wheat starch and flour. When either of 
these or any kind of starch (not roasted) is employed, the mixture with the 
mordant or coloring matter requires to be boiled over a brisk fire for a few 
minutes in order to form a tnucUage ; the consistency of the mixture, when 
cold, diminishes if the ebullition is continued for a' loixg^' time. Neither flour 
nor any kind of unroasted starch is well adapted for thickening solutions con- 
taining a free acid or an acidulous salt ; if other circumstances, however, should 
render the introduction of another thickener inadmissible in such a case, the 
acid or acid salt is always mixed with the thickening after the latter has been 
boiled and cooled to 120° or 130° Fahr. If the acid is boiled with the mucilage^ 
the mixture completely loses its consistency. 

Starch is almost the only thickener employed for mordants containing no 
free acid, and the mordant seems to combine with the stuff more readily when 
thickened with starch than when thickened with gum. 

During the ebullition of starch with red liquor, a precipitate of subsulphate 
oi alumina is produced (see page 115) ; but this pnrecipitate is completely 
redissolved as tne mixture cools, its solution being apparently facilitated by 
the starch. 

Next to wheat starch and flour, the most generally useful thicxener is gum 
arabic. With this substance, however, many metallic solutions, such as those 
of salts of tin, iron, and lead, can not be well employed, as such solutions 'cause 
the formation of precipitates with an aqueous solution of gum. This objection 
to the use of gum does not apply to so great an extent to salts of copper. 

The lime which is contained in all gum arabic met with in commerce is apt 
to affect the light shades of some coloring matters ; but this inconvenience 
may be overcome by adding to the gum a small quantity of oxalic acid, which 
converts the lime into the insoluble oxalate. 
Gum Senegal is used for the same purpose as ^m arabic. 
British gum, torrefied or calcined tarina, dextrin, and torrefied sago starch 
(known as " new ^m substitute"), are intermediate, both in their properties 
and applications, between common starch and gum arabic. Calcined potato 
starch is chiefly used with solutions applied by the padding machine, which 
require very little thickening. 

Gum tragacanth and salep are commonly employed as thickeners for solu- 
tions of salts of tin and for mixtures containing a considerable quantity of a 
free acid. Salep does not stiffen and harden the stuffs so much as most other 
thickeners, and is hence found advantageous for mixing with topical colors. 
It gives considerable consistence to water, but the mixture is apt to become 
thin on standing. It is Remarkable that a mixture of solutions of gum tra- 
gacanth and gum Senegal, both of the same strength, possesses only one half 
or one third the consistency of the two solutions before being mixed. 

Pipe-clay, China clay, or sulphate of lead, when mixed with either gum arabic 
or gum Senegal, is also used with acid mixtures, and with solutions of salts of 
copper when applied as resists for the indigo vat. The earthy basis acts as a ' 
mechanical impediment to the attachment of a coloring matter, when the 
latter is applied to the whole surface of the cloth. 

When, the mordant to be printed is colorless, or nearly so, as alum red liquor, 
and salts of tin, it is mixed with a little decoction of logwood, Brazil wood, 
or some other fugitive dye, in order to render the design on the cloth more 
perceptible. This addition of color is called sightening. 

We proceed, in the next place, to consider some particular examples of 
printing processes in iilustrauon of the six different styles of work noticed at 
page 133. 
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I. HADDEB STTLB. 

Tb« madder style is applicable, not only to the dye-atuff from whidi it de- 
rives its name, but to nearly all organic coloring materials which are Bolable 
in water, and capable of forming insoluble compounds with mordants, and it 
much more extensirely practised than aav other style. 

The ordinary course u operations to wnich a piece of cotton is subjected in 
cHrder to be printed and dyed according to this style, is the following: — 

1. Printing on the thickened mordant, whicn is commoikly done by tlu 
cylinder machine. 

2. Immediately after the imprinting of (he mordant, the cloth is dried by 
being drann eilner througli the hot-flue,* or orer a series of thin sheet-iron 
boxes, heated by means of steam, and is then conducted into the '-ageing" 
room, where it is suspended, free fron% folds, for one or two days, according to 
the nature of the mordant and the temperature. The ageing room should not 
be rery dry, or heated above the ordinary temperature, except during winter. 

Qurmg' this suspension, the greater pari of the mordant undergoes a chem- 
ical alteration, by which it becomes attached to the cloth in an insoluble 
state. Redliquor and acetate of iron part with a portion of their acetic acid; 
the former affords a deposite of subsulphate of alumina, the tatter of snbace- 
tate of iron, as before explained ; and the aluminate of potash affords a pre- 
cipitate of alumina, through the action of the carbonic acid in the atmosphere 
{see page 116). Annexed is a specimen of calico in this stage of ^he process. 



the mordant tm which is ted liquor, " aightened" with a little decoctjon d 
peach-wood or similar dye-stuff. 

3. After harine been suspended in the ageing room for a sofBcient time, the 
[winled cloth is drawn through the dung-becks, or else through a strong solu- 
tion of dung substitute (page 124), whereby a part of the undecomposed mor- 
dant is separated from the cloth and i)rerented from acting on those' parts 
which haa not been printed, the thickening paste is removed, and themotdaDt 
remaining on the cloth becomes more strongly attached, by uniting with some 
of the constituents of the dung or of the substitute. 

When taken out of (be dun^.beck, the cloth is immediately washed in s 
dtiem of cold water, or sometimes both s<fueezed and washed, and tben coin- 
mooly winced for twenty or twenty-fire muutes in a weak solution of snbUi- 

* The hot'llDe li i long g&UBrr or juuBgs. comniDnlf ietXM bj ths Sua of ■ furnace W one Uji 

nppsr loirue atOis Hue fonned o( rougb cut-Iron plates, whlcb become quietly heated and pre- 
■■at > good ndiating laifaca. A piece of calica (J8 janli) li tuuaUy drawn Ibrsn^ the liula 

t Thspubligheri and the public aie Indebted for the ipecimeni of ealica-priMlvtg pncaui te^ 

Uihiae^l emplora I,300 femalei, and lendi to iha mu-ket 3H,DQ0 yarda of caUca pec week. 
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tote and lize, by which the Gxatioa of the mordant oa the cloth is rendeted 
complete. If the mordant is white, the cloth presents little trac^of the desi|^ 
when taken from the substitoie ; the specimen No. 2., shows the appearance 



which Na 1., acquires b^ being thus treated. (For an account of the manner 
of performing this operatioii, aoil of the probable action of ibe dung, see page 
1S3.) 

4. After having been well washed, the cloth is ready to be exposed to the 
dyeing liquor, in which it is kept for two orchree houm, being constantly tam- 
ed by a wince &om one compartment of the dye-beck to (he other. With 
madder and some other colors the goods are introduced into the cold miztuie 
of water and ground dye-stuff, and heat is then gradually applied by the in* 
ttoduction of steam, mitil the temperature of the liquid is very near ehuUition 
(tee page 126). When taken out of the dye-beck and simply washed in cold 
wUer, ue cloth has the appeaiance of the specimen No. 3. 




6. The next process to which the doth is subjected is the " clearing," or 
the lemoval of the excess of coloring matter loosely attached to the exterior 
of the fibres. The processes for this purpose are varied with difierent d^e- 
stuffs,and erenwith different varietiesof the same kind of dye-stuff, accordmg 
to their fixity (see page 130). With madder cUors, where no sumach is em- 
ployed, the goods may be cleared in the following maimer, haying been pre- 
viously well washed at the dash-wheel :— 

1 . Wince for half an hour in boiling bian-wattt ; 

3. Wince for half an hour or more m a dilute solntiao of chloride of aodiot 
eUonde of lime ; 
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4. Wince a 

6. Boil a second time in unp-watei. 

WhEQ ihe goods are dyed with Dutch madder and sumach,* M»p can not be 
veil employed in the clearing process, but only bran and chloride of lime oi 
chloride of soda, the latter being preferred. If dyed with the form of madder 
called garancine (see page 103}, neither chloride of lime noi chloride of sqAm. 
ia admissible. Other precautions necessary (□ be attended to in the procesB 
of clearing and the finishing operations to which the calico is afterward sub- 
jected have been noticed in the preceding section. The specimen, No. 4, ia 
the finished cloth. 



The strength of the mordant, solution of dnn^ substiinte, dye-beck, &&, and 
the details of the process generally, vary considerably for the same coloring 
matter and mordant, according to the quantity or fulness of the figure, and the 
depth of its color. To impart such a stripe as that in the preceding specimen, 
the bleached cloth may be submitted to tlie following operations:— 

1. Printing on mordanE of red liquor (of spec giav. 1-043, thickened with ft 
pound and a half of flour to the gallon), and drying by being drawn orei 
steam-boxes ; 

3. Ageing for three days ; 

3. Dunging, 1°, in a mixtare of four gallons of dung and three hundred of 
hot water; and 2°, in a mixture of two gallons of dung and three hundred of 
hot water ; 

4. Wincing in cold water ; 

5. Washing at the dasb'wtieel ; 

6. Wincing for twenty minutes in a solution of dung substitute and size, 
made of two quarts of substitute liquor (page 135), one quart of cleansing liquw 
(page 124}, and three hundred gallons of water. 

7. Wincing in cold water ; 

8. Ih'einginthemadder.beck, containing aboQt two potmdsof madder per 
piece of twenty- eight yards ; • 

9. Wincing in cola water ; 

10. Washing at the dash-wheel ; 
_ II. Wincing in soap-water, to which some perchloride or nitromnriate of 
tin has been added ; 

12. Washing at dash-wheel ; 

13. Wincing a second time in soap-water ; 

14. Wincing in asolutico of bleaching powder of spec grav. 1015 (3° Twad.). 



-lothi dyAd Id tho ntddei-beck xjt contldorhbty b«i|:htflned bv 
, - iumach. One pound of BUQiftcb with eiflitvsn or twflJitypoqjidi _. _ 
will dye umuch BtuiTu twent;-fouipoond9or mudderwithcDtiuiracb. IliBnUltlani 



luanllcr adnniutL One pound of lumKh with eiflitcen or twannpaaiiili of Hatch DivUer 

much MulTu twenlj-touiponndjof nmdderwilhootiunuch. llie»i"-' ' 

to lofwvod, puclHrogd, mi, cactUoMl, pioducM • ilmilu ninlt. 
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15. Washing at the dash- wheel ; 

16. Drying by the " water extracter" (page 130 ); 

17. Folding; 

18. Starching (page 131) ; 

19. Passing through the steam drying machine (pa^e 131). 

As the quantity of coloring matter which is deposited on the cloth in the 
dye-beck is much more dependant on the quantity of fixed mordant on the cloth, 
than on the strength of the dyeing liquid, a pattern comprising two or more 
different shades of the same Kind of color may be obtained by the same dye<: 
beck, the cloth having been previously printed with the same kind of mordant 
at dijSerent strengths. 

A beautiful pattern is produced by the iron liquor mordant (pyrolignite of 
iron) at two different strengths, with the same infusion of madder. The 
mordant for the lilac as iron liquor of spec. grav. about 1*010, thickened 
with three pounds and a half of British gum to the gallon. The mordant for 
the dark purple ^r black is iron liquor of spec. grav. about 1*020, thickened 
with a pound and a half of flour to the gallon. The two mordants may be 
printed on at once by the two-color machine. The finest madder purples are 
obtained by a mixture of iron liquor with from five to six measures of ** patent 
purple liquor," or <' assistant mordant" (see page 119), thickened with British 
^m. 

To produce different shades of red on the same piece from the same madder- 
beck, the cloth may be printed with red liquor oi any density between 3° and 
25^ Twaddell. The thickener usually employed for red liqiior is either flour, 
starch, or the mixture of equal parts of flour and starch. The proportion of 
the thickening ingredient is varied according to the density of the mordant 
and the fullness or delicacy of the design ; on the average, a pound and a half 
may be taken for a gallon of liquid. For a weak liquor and for a delicate 
figure, either British gum or gum arable is substituted for starch or flour. 

The mordants may be printed on the cloth with red liquor of spec, wny, 
1*105 for dark red spots, and the same liquid of spec, ffrav. 1*021 mr a light 
red figure. Both solutions must be thickened with four pounds of British 
gum to the gallon. 

British gum is the best thickener for a solution of aluminate of potash. 

As different mordants form compounds of ver^ different colors with the same 
dye-stuff, a variety of colors may be communicated to the calico from the 
same infusion of coloring matter, provided as many kinds of mordants, or 
mixtures of mordants, had been previously applied. A pattern containing a 
desiffn in black, purple, and two shades of red, was obtained bv dyeingthe 
cloth at one operation after it had been printed by the four-color machine 
with ^e following mordants : iron liquor of spec. ^v. 1*020 for the black ; 
iron liquor of spec. grav. 1*012 for the purple ; red hquor of spec. grav. 1*042 
for the dark red ; and red liquor of spec. grav. 1*010 for the pale red. The 
iron liquor for the black was thickened wim a pound and a half of flour to the 
gallon. The weaker iron liquor for the purple and the two red liquors were 
uiickened with three pounds of British gum to the gallon. After being printed, 
the cloth was ** ajB^ed" three days, dunged, dyed with madder, soaped, and 
cleared in the ordinary manner. 

To obtain on the same cloth the finest madder reds, purple, and black, it is 
sometimes better first to print on only the aluminous mordants for the reds, by 
the two or three color machine, and then to age, dung, and madder. The 
strong iron liquor for black, and* the ii^eaker iron liquor for purple, may be next 
pounded in their proper places by hand-blocks, after which the drying, dung- 
ing, and maddering are repeated. Sometimes the mordants are printed on at 
dinerent operations, but the dyeing is performed in one beck. For example, 
the mordant for black is printed on first by the single-color machine, aner 
which the cloth is aged for a day or two ; thd mordants for the other colors 
are then grounded in by the hand-blocks, and the ageing, dunfin^, dyeing, 
&c., are performed in the usual manner. An endless variety of temts, firom 
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red to chocolate, may be obtained from the same madder-beck by mixtures of 
the iron and aluminous mordant in different proportions. 

Quercitron is a dyeing material well adapted for the madder style of work. 
With a mordant oi red liquor of spec. gray. 8^ or 12^ Twaddell, thickened 
with starch, it affords a bright yellow ; with iron liquor of spec. grar. 2^ or 3^ 
Twad., thickened with starch, an oliye-gray color ; and with a mixture of 
the iron and aluminous mordants, a great yariety of yellowish-olive teints. 
To produce a yellow ground with'quercitron, the cloth may be padded in red 
liquor of 10° Twad., and after being dried, aged for two days, and winced in 
warm chalky water, be dyed in an infusion of quercitron (made of from two 
to three pounds per piece), containing some glue or size. To get a yellowish- 
oliye fi^pre from the same infusion, the cloth may be printed with a mixture 
of red liquor at 11®, and iron liquor at 5° Twad., in equal measures, and then 
dried, aged, dunged, winced ijf. chalky water and dyed. 

A Tery good orange is sometimes communicated to cotton goods in this style 
of work by dyeing m a mixed infusion of madder and quercitron, an aluminous 
mordant having been previously applied to the doth. For a ground, the cloth 
may be padded in red liquor of 10° or 12° Twad., then winced in warm chalky 
water, and dyed in a decoction of two pounds of quercitron and a pound and a 
half of madder per piece. By varying the proportions of the madder and 
quercitron various shades of orange (from golden-yellow to scarlet) may be 
produced. An endless variety of cinnamon, olive, and fawn coloring teints 
may be obtained by applying to (he cloth mixtures, in various proportions, of 
red liquor and iron liquor, and by dyeing the cloth in a mixed infusion of 
madder and quercitron. It is advisable not to have the temperature of the 
dyeing liquid above 140° or 150^ Fahr. 

Patterns in black and various shades of violet and purple may be imparted 
to cottcm cloth in the madder style, by means of a decoction of logwood as the 
dye-stuff, with iron liquor and red liquor as the mordants. To pr^uce a black 
ground, the cloth may be padded in a mixture of equal measures of red liquor 
at 8° Twad., and iron liquor at 0° Twad. ; and after having been dried, aged, 
and winced in chalky water, it may be dyed in a decoction of logwood made 
from two poimds and a half or three pounds per piece, with the addition of 
a small quantity of sumach. A gray color is obtained in the same way by 
using very weak iron liquor and a weak decoction of the coloring matter ; and 
a vi^et color, by applying weak red liquor to the cloth. 

Cochineal is another dye-stuff, the coloring matter of which is capable of 
being imparted to cloth by the madder style. It is chiefly applied in this way 
as a ground on which figures are afterward produced by other styles. To 
obtain an amaranth-colored ground, the cloth is padded in red liquor of spec, 
giav. from 11° to 13° Twad., and after being dried, aged, and* winced in chalky 
water, it is dyed in a mixed decoction of cochineal, galls, and bran. A beauti- 
ful orange is obtained by a mixture of decoction of cochineal and decoction of 
quercitron, with an aluminous mordant ; and fine lilacs and violets by decoc- 
tions of logwood and of cochineal, with the same mordant 

The madder style admits of the application to cloth of the coloring matters 
of several dye-stuffs besides those which have been alluded to. By combining 
two or more in the same dyeing liquid, and by varying the mordants, an end- 
less variety of teints maybe obtained ; but a detailed account of such processes 
could not be included in the limited ^an of the present article. 

U. TOPICAL Am) 8TSAM C0L0B8« 

The mere mechanical part of the process is simpler in this than in any 
other style of calico-printing. The thickened solution of the coloring matter 
ia applied topically (mixed with the mordant when any is required), in a state 
fit to penetrate to the interior* of the fibre, and after the cloth is dried, the 
CQ&oriBff matter is fixed, either by exposure to the air or a precipitating agent, 
or bv the action of steam. The operations of dunging, dyeing, and dearing, 
are here altogether omitted. 
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The vegetable colors which may be applied to cotton by this style of work 
are chiefly those which are not ai all, or incompletely, precipitated from their 
solutions when mixed with a mordant ; the deposition of the insoluble com- 
pound of mordant and coloring matter is usually determined in such cases by 
the surface attraction of the tissues frequently assisted by the application of 
heat. Not many colors applied in this way are remarkable for their perma- 
nency. A few topical colors are printed on the cloth in an insoluble state, 
as pigments, and remain attached principally through the starch or gum 
used as thickening. 

The topical colors most extensively used in printing cottons are the follow- 
ing:— 

Black. — ^A very good topical black, known as " chemic black," may be im^ 
parted to cotton by means of a mixture of decoction of logwood, copperas, and 
pemitrate of iron, in the proportions of either of the recipes following: — 

No. 1. 

1 gallon of logwood liquor (decoction of logwood) of spec. grav. from ep Tw. to 9* 

Tw., 
4 ounces of copperas, 
} to -j^ gal* (according to the strength of the logwood liquor) of solution of pernitrate 

of iron of spec. grav. 60° Tw. 
Thicken with either flour or starch. 

No. S. 

1 gal. of logwood liquor at 8° Tw., 

2 ounces of copperas, 

1 pint of solution of pemitrate of iron 8° Tw., 
I}lb9. of starch. 

The logwood liquor, copperas, and starch, are boiled together for a few min- 
utes, and when the mixture is cooled to about blood-heat the nitrate of iron is 
added. 

This mixture may be printed on the white calico by the roller at the same 
time as the mordants for colors to be afterward applied by the madder style. 
After ageing for two days the black color becomes so permanently attacned 
to the cloth that it is very little afiected by the remaining operations of dung- 
ing, washing, dyeins, and clearing. 

Brown.— 1l very last topical brown forming the ground, may be commu- 
nicated to cotton goods by a solution of catechu, mixed with a salt of coppeir 
and muriate of ammonia. The following proportions have been recommenaed 
to me by an eminent Lancashire printer: — 

li pounds of catefcha, 

f to 1 gill of solution of nitrate of copper of 90^ Tw., 
6 to 8 ounces of muriate of ammonia, 
1 gallon of water. 
Thicken with either gum Senegal or British gum. 

Some printers are in the habit of using a mixture containing much less 
muriate of ammcmia and more nitrate of coppet than the above, such as the 
following :— 

1| pounds of catechu, 

3 ounces of muriate of ammoma, 

2 quarts of water, 

1 quart of pyroligbeous aeid of 2P Tw.^ 

3 pouadir of gam Senegal, and aboot 

I piat of solntiaii of nitnte of oop^ of \W Tw. 

The catechu and muriate of ammonia are first mixed with the watet aild 
pyrolignecfus acid ; the mixture is then heated and kept at the hfxH&ai point 

to 
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for ten minutes, after which it is allowed to settle for half an hour. The clear 
supernatant liquid is then decanted from the insoluble matters and mixed with 
the gum Senegal, and when the latter is dissolved the solution of nitrate of 
copper is added. 

The first of the preceding preparations probably deserves a preference. 
Both of them, like the above topical black, may be printed on the cloth by the 
compound machine, with mordants for colors to be applied by the madder 
style. During the ageing of the floods, the astringent principle of the catechu 
becomes fixed on the cloth in an msoluble state, but it is usual to complete the 
fixation of the coloring matter by passing the cloth through a solution of bi- 
chromate of potash previous to bemg dyed in the madder-beck. 

The chemical chancre which takes place during the fixation of the astringent 
principle of the catechu is the absorption of oxygen. Catechu, or its coiorin? 
principle, exists in two forms ; deoxidized and soluble in water, and oxidized 
and insoluble in pure water, but soluble in an aqueous solution of the deoxidized 
catechu. The form in which catechu is applied to cloth in the above mixtures 
is as a solution of the oxidized in that of the deoxidized catechu ; and the 
chloride of copper, formed by the reaction of muriate of ammonia on nitrate 
of copper, acts as a slow oxidizing agent (through the decomposition of water) 
to the deoxidized catechu. 

Spirit Purple, — For a spirit or fancy* purple, a decoction of logwood, mixed 
witn a tin or an aluminous mordant, is commonly employed. A gallon of 
logwood liquor of 6^ Tw., may be boiled for a few minutes with a pound oi 
starch, and when the mixture is lukewarm, there are added, first, a pint and 
quarter of solution of perchloride (nitromuriate) of Jin at 120** Tw., and after- 
ward, a quarter of a pint of oil. This mixture snould be carefully stirred 
before being applied to the cloth. Some printers use a little less tin than is 
prescribed above, and add a very small quantity of pernitrate or iron. 

After being printed with this mixture, the cloth should be suspended in a 
warm room for two days and two nights, and then washed at the rinsing 
machine. 

Spirit Chocolate. — ^A fancy chocolate or puce color may be imparted to cottcii 
by means of a mixture of logwood liquor, peachwodd liquor, perchloride of 
tin, and a little nitrate of copper, thickened with either starch or British gum. 

A much faster color may be obtained by first printing on a mixture of log- 
wood liquor, red liquor, and oxalic acid, and after ageing, passing the cloth 
through a solution of bichromate of potash. If the materials are employed 
sufficiently strong, an excellent black may be imparted by such a process. 
The black or chocolate colored substance thus produced is a compound of oxide 
of chromium with the coloring matter of logwood. 

Spirit Pink. — The following receipt for a topical pink has been recommended 
by a Lancashire printer: — 

1 gallon of peachwood liquor at SP Tw., 

If pounds of starch, 

i gill of solution of nitrate of copper at 100® Tw., 

3 gills of solution of perchloride of tin, 

4 ounces of << pink sidt" (see page 117), and 
1 gill of oil. 

The peachwood liquor is first boiled briskly with the starch ; the nitrate of 
copper is next added ; and when the mixture is cooled to about blood-heat, the 
remaining ingredients are introduced. 

Spirit Yellow. — A fancy yellow, pretty much employed for grounding in by 
the block, is a mixture of decoction of French berries, red liquor, and oxalic 
acid, thickened with starch or gum tragacanth. Some printers use, instead 
of red liquor and oxalic acid, a mixture of perchloride of tin and alum, and 
thicken with starch ; others, perchloride of tin only, with gum as the thickener; 
and others, a mixture of red liquor, alum, and protochioride of tin, thickened 
with either flour or starch. 

* All fugitire.topical colon not fixed by gteaming tie termed ipirit, fancy, or with-off colon. 



I 
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Blue, — 1. The following topical blue is sometimes grounded in by the block, 
for light goods, after all or most of the other colors have been applied. Being 
easily washed out, it is not used except with fugitive colors, and in cases where 
it would be inconvenient to apply the mixture for steam blue. 

1 pound of yellow prussiate of potash, 

1i gills of solution of nitrate of iron of 80^ Tw., 

3 gills of perchloride of tin of 100°, 

1 gallon of water, and 

1| pounds of starch. 

The prussiate of potash is first dissolved in the water, and with this solution 
the starch is boiled briskly for a few minutes. When the mixture is cooled, 
the nitrate of iron and perchloride of tin are added. The blue color is derived 
from Prussian blue (see page 105). 

2. Indigo communicates a faster blue, so far as the action of soap and alkalies 
is concerned, than Prussian blue ; but the latter possesses considerably more 
brillianc]^ than the former in its ordinary state. As a topical color, indigo is 
applied m the form of indigotin, or the hydruret of indigo-blue (see page 100) ; 
the deoxidizing agent employed to produce the indigotin being either metallic 
tin, or the red sulphuret of arsenic (red orpiment, or red arsenic). Until within 
a few years, almost the only solution of indigo employed as a topical color was 
that known as ** pencil blue ;" which is prepared by mixing with water and 
boiling together, about equal parts of ground indigo, orpiment, and quick-lime, 
and when the mixture is withdrawn from the fire and become lukewarm, 
adding about as much carbonate of soda as of orpiment previously introduced. 
The clear liquor when thickened with gum was applied to the cloth by a 
pencil, or by the block charged with the color by a particular contrivance to 
prevent as much as possible the access of air to the sieve. 

3. A much more convenient way of effecting the conversion of indigo-blue 
to white indigo, through the action of the same deoxidizing agent, is to mix 
the ground indigo with a solution (previously made) of red arsenic in perfectly 
caustic potash or soda, adding as much more caustic> alkali as is necessary to 
keep the white indigo in a state of solution. In this way, the inconvenience 
arising from the sediment of lime and excess of orpiment is avoided. 

Pencil blue contains a considerable excess of the deoxidizing agent, which 
is necessary on account of the rapidity with which indif^o-blue is deposited from 
all solutions of indigotin when freely exposed to the air. With a smaller pro- 
portion, the indigo-blue might be deposited in an insoluble state on the surface 
of the cloth before sufficient time is allowed for the solution of indigotin to 
penetrate to the interior of the fibre. This inconvenience may be partly sur- 
mounted bv directing a jet of coal-gas against the printing roller, and a short, 
len£^th of the cloth passmg from the roller. 

The construction of the cylinder machine, by which pencil blue is applied, 
differs slightly from that represented in figure 39, page 135. The cylinder c 
is dispensed with, the enslaved roller itself dipping an inch or two into the 
color mixture ; and the roller is cleaned from the superfluous color bv revolving 
in close contact with one of the sides of the color-troughs, which tnus acts as 
the " doctor." 

4. The deoxidizing agent employed for reducing or affording hydrofi^en to 
the indigo in the preparation now commonly substituted for pencil blue, is 
metallic tin. One equivalent of the metal becomes oxidized, in the presence 
of a caustic alkali, at the expense of two equivalents of water, the hydrogen 
of which unites with the indigo. To prepare such a mixture fit for application 
by the roller, the materials may be employed in the following proportions: — 

4 poundB of ground indigo, 

4 quarts of water, 

2i quarts of solution of caustic soda of 70^ Tw., 

3 pounds of granulated tin. 

The indigo is first intimately mixed with the water, the tin and alkali are 
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• 

afterward added, and the mixture is heated to the boiling point, then taken 
off and stirred until a drop, placed on a glass plate, appears ofan orange-yelloW 
color. To this solution is afterward added a mixture of a solution of chloride 
of tin at 120° Tw., with an equal measure of muriatic acid until the free alkali 
is completely neutralized, and an oliye-colored precipitate falls. The mixture 
is then well stirred, and added to strong gum-water to the required shade. 

For some purposes, the free alkali is neutralized by tartaric acid, and from 
half a gill to a gill of the solution of tin is afterward added. 

It is evident that the above preparation contains white indigo in an insolu- 
-ble state ; in a form, therefore, unable to enter the interior of the fibres. To 
dissolve the white indigo and allow it to be absorbed, the printed cloth is 
passed through a solution of carbonate of soda of spec. grav. 8° or 10<> Tw., and 
at the temperature 80° or 90° Fahr. On afterward exposing the cloth to the 
air, the solution of white indigo, now within the fibres, absorbs oxygen and 
affords a precipitate of indigo-blue. 

Steam Colors. — ^Very few colors attach themselves firmly to the cloth by 
being merely' printed on together with the mordant ; but if a cloth thus printed 
is exposed for a short time to the action of steam, an intimate combinatioi 
takes dace between the tissue, coloring matter, and mordant. Before the 
printea cloth is exposed to steam, the coloring matter ma^ in general be easily 
removed by washing with pure water ; but afterward it is attached to the 
tissues almost as stronglv as in any other style of printing, presenting, more- 
over, a brilliancy and delicacy hardly attainable by any other process. Print- 
ing bj steam is one of the most important of modem improvements in calico- 
prmtmg ; it is practised not only on goods of cotton, but also on silk, woollen 
cloths, and chalys. 

The brilliancy and permanency of almost all steam colors are greatly in- 
creased by impregnating the cloth with a solution of tin, or, for some styles, 
with a solution of acetate of alumina, previous to the application of the colors. 
The solution of tin now commonly used for this purpose is the stannate of 
potash, which is, when properly made, a solution of peroxide of tin in causae 
potash, (see page 117) ; this preparation sometimes contains protoxide of tin, 
but the stannate containing the peroxide only is preferred. This alkaline 
Bolution is not nearly so injurious to the cotton nbre as the perchloride. 

After having been padded in the solution of stannate of potash, the pieces 
of cotton are usually passed through a cistern containing a solution of muriate 
of ammonia, to produce a precipitate of peroxide of tin. Some printers employ 
very dilute sulphuric acid instead of a solution of muriate of ammonia, but the 
latter is decidedly preferable. 

To the cloth thus prepared, or occasionally without any preparation except 
bleaching, the solutions of the mixed coloring materials and mordants, prop- 
erly thicxened, are applied either by the roUer or block. Steam colors are 
chie^ grounded in by the block to cloths which have been already printed 
and finished off according to other styles of work, particularly the madder 
style. The following recipes will afford examples of the principal mixtures 
which, are. applied to cotton as steam colors ; some of them may also be applied 
to silk and woollen ffoods, but for this purpose the proportions of the materials 
generally require to be varied. The mordant most frec^uently used for steam 
colors is red liquor, mixed with oxalic or some other acid to prevent the pre- 
cipitation of the compound of coloring matter and mordant. 

Steam Black, — The first of the mixtures following is best adapted for the 
roller.. the other for grounding in by the block : — 

No^ 1. 

1 pint of red liquor of IS' Tw«» 

2 pints of iron liquor of 24° Tw,, 

1 gallon of logwood liqiior of 8° Tw., 

1{ pounds of starch, 

l| pints of pyroligneous add of 7° Tw. 

All these materials may be mixed promiscuously and then boiled for a few 
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minutes to fonn a mucilage. The cotton requires to be steamed about thirty 
minutes. 

No. 2. 

3) pints of peachwood liquor of &* Tw., 

7 pints of logwood liquor of 6° Tw., 
12 ounces of starch, 
14 ounces of British gum, 

3 ounces of sulphate of copper, 

1 ounce of copperas, 

3 ounces of a neutral solution of pemitrate of iron, made by mixing one pound of 

acetate of lead with three pounds of the commpn acid nitrate of iron of 122^ Tw. 

If intended for goods of silk and wool, four ounces of extract of indigo should be added. 

The logwood liquor and peachwood liquor are mixed and divided into two 
equal portions, one of which is boiled for a short time with the starch, and the 
otner with the British gum. The two liquids are afterward mixed, and the 
remaining ingredients are added ; the nitrate of iron being introduced last, 
and not before the mixture is cold. 

Steam Red. — The best cream red for cotton is obtained by^ decoction of 
cochineal, with oxalic acid and protochloride of tin. The mixture obtained 
according to the following receipt may be applied either by the roller or block :— 

1 gallon of cochineal liquor of 6® Tw., 
1 pound of starch, 

3 ounces of oxalic acid, 

4 ounces of cryst. protochloride of tin. 

The cochineal liquor is first boiled with the starch for a few minutes ; when 
the mixture is half cold, the oxalic acid is added, and as soon as the acid is 
dissolved the salt of tin is interduced. 

A cheaper but less brilliant steam red, much used hy some printers, is pre- 
pared by substitutinj? peachwood liquor for cochineal liquor in the above. 

Steam Purple, — To a gallon of red liquor of 18® Tw., heated to about 140" 
Fahr., three pounds of ground logwood are added ; the mixture is well stirred 
for about half an hour, and then strained through a cloth filter, the residue on 
the filter bein^ washed with two quarts of hot water, which are received into 
the first liquid. The mixture thus obtained may be diluted with water, ac- 
cording to the shade of color required ; for a moderate depth, one measure 
may be mixed with three of water, and thickened with starch, flour, or gum. 
Thi^ preparation may be applied either by block or roller. 

Steam Yellow. — ^Either decoction of Persian berries, decoction of quercitron, 
or decoction of fustic, may be used as a steam yeUow, but the first is most 
commonly employed at present. 

No. 1. 

1 gallon qf berry liquor of 4^ Tw., 
5 ounces of alum, thickened with about 
14 ounces of starch. 

No. 2. 

1 gallon of berry liquor of 4^ Tw.y 
1) gill of red liquor of 18P Tw. 

2 ounces of crystals of protochloride of tin, and about 
14 ounces of starch. 

The mixture made according to the following receipt affords a darker shade 
than either of the preceding : — 

No. 3. 

1 gallon of a mixture of equal measures of decoction of Persian berries at 15^ Tw*, 
and of decoction of fustic at 15^ Tw., 
14 ounces of starch, 
7 ounces of alum, 
7 ounces of crystals of protochloride of tin. 
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The decoctions of the dye-stuffs are mixed with the alum and starch, and 
heated until properly thickened ; the mixture should be soon withdrawn from 
the fire, and when cold mixed with the salt of tin. 

The preparation made as No. 2 will probably be found superior to either of 
the others for cotton goods. The steaming for No. 3 must be continued only 
a short time, else the fibre of the cotton would be apt to become corroded by 
the salt of tin. This preparation is better adapted (as a steam color) for fabrics 
of wool and silk than for those of cotton, but it may be adrantageously applied 
to cotton as a spirit or wash-off color (page 146). 

An orange stripe may also be produced by a decoction of Persian berries, the 
mordant being protoxide of tin only^. 

A convenient mixture for producmg this color is the following : — 

1 gallon of berry liquor made from three poands of berries to the gallon, and 
4 ounces of cryst. protockloride of tin. Boil together for a few minutes and 

thicken with 
3 to 4 pounds of British gum, or 1 pound of starch. 

The cloth mav be steamed and washed in the usual manner, but this color 
becomes strongly attached by merely ageing the cloth for two or three days, 
and then passing it through hot chalky water* 

Steam Blue. — A tery beautiful steam blue may be communicated to cotton 
and woollen goods by means of a mixture of vellow or red prussiate of potash, 
with tartaric, oxalic, or sulphuric acid, and alum or perchloride of tin. If for 
applying to cotton goods, alum is used ; but if for woollen fabrics, perchloride 
of tin is preferable. 

For prmting on cottons by the roller, either No. 1 or Na 2 of the following 
mixtures may be used : — 

No. 1. 
1 gallon of water, 

1} pounds of yellow prussiate of potash, 
3 to 4 ounces of alum, 
5 to 6 ounces of oil of vitriol, 
1| pounds of starch. 

No. 2. 
1 gallon of water, 

H pounds of yellow prussiate of potash, 
3 to 4 ounces of alum, 
10 to 12 ounces of tartaric acid, 
1) pounds of starch. 

The starch and prussiate of potash are boiled in the water, and when the 
mixture is withdrawn from the fire and cooled, the sulphuric or tartaric acid 
and alum are introduced. The mixture made as No. 2 afi'ords a more lively 
color than that made as No. 1, but the latter is least expensive. 

No. 3. 

1 gallon of water, 

3 to 3i ounces of alum, 

1} to 2 ounces of oxalic acid, 

3 to 4 ounces of tartaric acid, 
20 ounces of gum, 
12 ounces of yellow prussiate of potash. 

The gum, acids, and alum, may be first dissolved in the water with the 
assistance of heat, and when the mixture is quite cold, the prussiate of potash 
IS added. 

The time necessary for steaming cottons printed with either of these prep- 
arations is about thirty minutes. When withdrawn from the steaming cylin- 
der or chamber, the goods present, if yellow prussiate of potash is used, a 
blueish-white color, which changes to deep blue on exposure to the air for a 
couple of days. The chemical change by which the color is produced during 
the exposure to air depends on the absorption of oxygen or the removal of 
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hydrogen ; as is eyident from the circumstance, that if the goods are passed 
through a solution of bichromate of potash as soon as withdrawn from the 
steammg cylinder or chamber, the blueish-white changes to deep blue imme- 
diately. If the red prussiate of potash is employed instead of the yellow 
prussiate, the cloths acquire the proper blue color during the steaming, and 
the depth of the color is not sensibly increased by exposure to air or to a solu- 
tion of bichromate of potash. 

The blue coloring matter produced in these processes is a yariety of Prus- 
sian blue, formed through the decomposition of hydroferrocyanic acid set at 
liberty by the action of the more powerful acids present on the prussiate of 
potash. When an aqueous solution of pure hydroferrocyanic acid is gently 
heated and exposed to the air, the acid suffers decomposition with formation 
of hydrocyanic or prussic acid, and Prussian blue, which precipitates. . Assu- 
ming the composition of the Prussian blue thus formed to be the same as that 
produced by mixing a solution of yellow prussiate of potash with a solution 
of a salt of the peroxide of iron (which contains cyanogen and iron in the 
proportion of nine equiyalents of the former to seyen equiyalents of the latter*), 
the decomposition which the hydroferrocyanic acid experiences appears to be 
after the following manner : seyen equiyalents of the acid, containing twenty- 
one equiyalents of cyanogen, seyen equiyalents of iron, and fourteen equiya- 
lents of hydrogen, afford — 1*^, one equiyalent of Prussian |blue, containing 
seyen equiyalents of iron and nine equiyalents of cyanogen; 2*^, twelye 
equiyalents of hydrocyanic acid ; and 3°, two equiyalents of hydrogen to be 
remoyed by an oxidizing agent. This decomposition may be expressed more 
simply in symbols : thus, 

7 eqs. of hydroferrocyanic acid 

(Ha+FeCy3)or Hj^ Fe7 Cy^i prodace 

1 eq. Prussian bine Fej Cyg 

12 eqs. hydrocyanic acid H^^ 2 Cy ^ 2 

2 eqs. hydrogen H2 

Such we may suppose to be the decomposition which takes pla<;e when an 
aqueous solution of hydroferrocyanic acid is heated with exposure to the air. 
That the reactions which occur in the steam-blue process are somewhat dii- 
ferent from the aboye, howeyer, is pretty eyident from the circumstance that 
the color does not appear until the cloth is exposed to a source of oxygen, 
although the acid is certainly decomposed during steaming, as is manifest 
from the odor of hydrocyanic acid then deyeloped. According to another 
and a more consistent yiew of these changes, the blueish-white compound on 
the steamed cloth, before being exposed to the air, is the same as the precipi- 
tate which falls on mixing a solution of yellow prussiate of potash with a 
solution of a salt of the protoxide of iron. The precipitate contains, besides 
a certain proportion of prussiate of potash, iron and cyanogen in an equal 
number of equiyalents. When exposed to the air, it absorbs oxygen and 
becomes deep blue ; the oxygen thus absorbed combines with a portion of the 
iron in the precipitate, forming peroxide of iron, which remains as an essen- 
tial part of the Prussian blue. 

As the bhieish-white precipitate contains a compound of an equal number 
of equiyalents of iron and cyanogen united with prussiate of potash, it may 
be formed from a mixture of prussiate of potash and hydroferrocyanic acid, 
with the separation of nothing more than hydrocyanic acid ; thus. 

From 9 eqs. of hydroferrocyanic acid s Hjg Fcg Cy2 7 
Deduct 18 eqs. of hydrocyanic acid = H] g Cy^g 

There remains Feg Cyg 

On exposure to the air, this compound of iron and cyanogen, the probable 
constitution of which is represented by the formula Feg 4-3(Fe Cyg) absorbs 

* The prussiate of potash which enters into the composition of thii variety of Prussian blue 
nay be neglected in the above calculation. 
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three eqmyalents of oxygen, and thereby affords a compoand of. peroxide cf 
iron with the variety ot Prussian blue noticed in the preceding page. The 
formula for this compound is Feo Os + (Fe^ 4-3(Fe Oya) ). 

The reactions which occur when the red prussiate of potash is employed 
are different, the acid liberated from that salt by the action of the stronger 
acids not having the same composition as hydroferrocyanic acid. The com- 
position of hydroferridcyanic acid (the acid liberated from the red prussiate) 
IS such as to allow of the decomposition of the acid into Prussian blue, hydro- 
cyanic acid and cyanogen, without the interference of atmospheric air or any 
other source of free oxygen. 

In its present form, this beautiful color has not been long in general use for 
application to calicoes. The color obtained by the mixture formerly employed, 
consisting of prussiate of potash with tartaric or sulphuric acid, without any 
addition of perchloride ot tin or alum, is always lighter in shade and less 
vivid than that obtained with such an addition, however concentrated the 
solution of prussiate of potash. The acids in the mixture, including the si:d- 
phuric acid of the alum in combination with alumina (namely, three equiva- 
lents for one equivalent of alum), should be in sufficient quantity to neutralize 
one equivalent of alkali for every two thirds of an equivalent of prussiate of 
potash ; or to saturate 5*9 ounces of anhydrous potash for 18 ounces of the 
prussiate. 

Steam Green. — A very good steam green may be communicated to cotton 
good^ by combining the materials for producing a yellow, with the preceding 
mixture for steam blue ; thus, 

1 gallon of berry liqaor made from a pound and a half of Persian berries, (or of 4^ 
Tw.), 
12 onnces of yellow prussiate of potash, 
3 to 4 ounces of crystals of protochloride of tin, 
5 to 6 ounces of alum, 
3 to 4 ounces of oxalic acid. 
Thicken with gum. 

The oxalic acid, the muriatic acid derived from the salt of tin, and the 
sulphuric acid united with alumina in the alum, should form, together, one 
equivalent, or a quantity sufficient for the saturation of one equivalent of a 
protoxide for every two thirds of an equivalent of the prussiate. The time 
required for steammg this color is about thirty minutes. 

After the color mixtures are printed on, the calico is dried in a warm atmo- 
sphere for two days or thereabouts before being exposed to the action of the 
steam. Different methods of applying the steam are practised in different 
print-works. In some the goods are introduced intt) a large stout deal box, 
the lid of which is made very nearly steam-ti£;ht by edges of felt. The steam 
is admitted near ihe bottom by a thickly perforated pipe which traverses the 
box* For the deal box is sometimes substituted a small chamber built of 
masonry, about four or five feet in length, by three feet in width, and three 
feet in height. The cloth is suspended free from folds, on strings across the 
chamber. 

The most common method of applying the steam is the following. Three 
or four pieces of the printed and dried calico are stitched together at the ends 
and coiled round a hollow cylinder of copper, about three feet in length and 
four inches in diameter, and perforated with holes about one twelfth of an inch 
in diameter and half an inch distant from each other. One of the ends of the 
aylinder is open, to admit the steam ; the other is closed. The calico is pre- 
vented from coming immediately into contact with the cylinder by a roll of 
blanket stuff, and is covered with a piece of white calico tightly tied around 
the roll. During the lapping and unlapping of the calico the column is placed 
horizontally in a frame, in which it is made to revolve ; but during the steam- 
ing it is fixed upright, and supplied with steam through its bottom from the 
main steam boiler of the works, the quantity admitted being regulated by a 
Stopcock* During the whole process the temperature of the steam should be 
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as near 211® or 212?, as possible : the condensation which takes place below 
that degree is apt to cause the colors to run ; but a higher temperature is also 
injurious, as a slight condensation, sufficient to keep the goods always moist, 
is essential to the success of the process. The steaming is continaed for from 
cweuty minutes to three quarters of an hour, according to the nature of the 
stuff and the coloring mixture. The usual time with cottons is twenty-five 
minutes, and with delaines about thirty or thirty-five minutes. The time re- 
quired for steaming cotton goods by the chamber is longer than what is required 
by the column, being generally about an hour. When the steam is cut off, the 
cloths should be immediately unrolled to prevent any condensation : they are 
then soft and flaccid, the material used as a thickener for the colors being in 
a semi-fluid state ; but on exposure to the air for a few seconds only, the 
thickener solidifies, and the goods become perfectly dry and stiff. After the 
pieces have been aged for' a day or two, the thickener is separated by a gentle 
wash in cold water. 

To produce with steam colors only a pattern containing a design in lilac, 
pink, red, yellow, black, and dark orange red, the cloth may be printed by the 
five-color machine. 

By the first roller, with a mixture of logwood liquor, starchy and solution of 
tin for producing the lilac ; 

By the second and third rollers, with the mixtures for the pink and red (page 
149), one containing weaker cochineal or peachwood liquor than the other; 

By the fourth rofler, with the mixture for the yellow (page 149) ; 

Bv the fifth roller, with the mixture for steam black (page 148) ; 

The dark orange red results from the mixture of the red with the yellow. 
After being steamed, the cloth is aged in a warm room for two days and two 
ni^ts, and then washed at the rinsing machine. 

The style following, for producing a design in black, red, brown, green, and 
yellow on a white ground, is a comoination of the madder style with a topical 
brown and steam colors, which is susceptible of a great variety of interesting 
modifications. 

1. The cloth is printed by the three-color machine in the following manner: 
with iron liquor, for black, by the first roller ; with red liquor by the second 
roller, and with catechu brown (see page 146), by the third roller. 

2. After being printed, the cloth is aged foir two days, dunged, dyed iu the 
madder beck, and cleared. 

3. The cloth is lastly printed by the block with the mixtures for steam green, 
(page 152), and steam yellow (page 149), then steamed, aged, and washed. 

By a similar series of operations, a design may be imparted in black, brown, 
iilac, pink, green, blue, orange, and yellow, on a white ground. The cloth is 
first printed by the four-color machine with iron liquor of two strengths, one 
for the black, the other for the lilac ; with red liquor for the pink, and with 
the mixture lor catechu brown (page 146). After being ased, dunged, dyed 
with madder, and cleared as usual, the cloth is printed by the block with the 
mixtures for steam blue (page .150), and steam yellow (page 149), and then 
steamed in the ordinary manner. To produce the orange, the steam yellow is 
printed on a part of the pink, and the green results from the mixture of some 
of the yellow with the blue. 

As an example of the combination of madder colors with steam colors, for 
the red and chocolate stripes, the cloth may be printed with red liquor and 
the mixture of red liquor with iron liquor, and after dunging, dyeing, and clear- 
ing in the usual manner, the mixture for steam orange may be applied by the 
block. 

III. UINEKAL COLORING UATTEBS. 

Mineral coloring matters are adapted, not only to the production of designs 
on a white or colored ground, but also to form a ground for the reception of a 
design in other colors. To imparts the color to the entire surface of the cloth, 
ibe latter may be impregnated successively, by the paddine machine, with 
the two solutions necessary to produce the color, or else the cloth may be 
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padded in one of the solution and be afterward winced in the other. To pro- 
duce a design in a mineral coloring matter on a white or colored ground, the 
cloth is usually first printed with one of the solutions, and then either padded 
or winced in the other. 

The common " padding machine," by which a cloth is uniformly imbued 
with a liquid, is much the same as the starching machine (fig 37, page 131), 
the thickened liquid bein^ contained in the trough a. 

Fig. 41. A simpler padding machine is employed in some print- 

works, of which fig. 41 is a representation : a and b are 
two cylinders revolving in close contact ; b is covered with 

Ij^^ KJty blanket slutf, and dips partly into a trough which contains 

^ W the liquid slightly thickened. The calico is first rolled 

1 1 around the cylinder c, and then passed in the direction of 

the arrow between cylinders a and b. As soon as the 
calico is padded, it is dried hard, by exposure to a tem- 
perature of 212^ or thereabouts, either oy being drawn 
over a series of sheet-iron boxes heated by steam, or 
through the steam drying machine described at pa^e 131, 
or through the hot-flue. If the color is to be applied to 
the face of the cloth only, and not to both face and back, 
the common printing machine with a roughened roller is 
substituted for the paddiujp^ machine. 
Prussian Blue. — More than one method of applving this coloring material 
to cloth has already been noticed ; another is by ine consecutive application 
of either yellow prussiate of potash and a salt of the peroxide or protoxide 
of iron, or red prussiate of potash and a salt of the protoxide of iron. The 
latter method is very rarely practised. To impregnate the entire surface of a 
piece of cloth with Prussian olue, it may be treated in the following manner: 
1^ Pad in a solution of acetate and sulphate of iron made by adding three 
pounds of acetate of lead to a solution of four pounds of copperas in a gallon 
of water, decanted from the precipitated sulphate of lead, and diluted to the 
density 2° or 3^ T w. 
2°. Dry the cloth, and then wince it in warm chalky water. 
3°. Wmce it in a solution of a pound of vellow prussiate of potash in fortf 
gallons of warm water, to which are added four ounces of oil of vitriol. 

To produce a design in Prussian blue by this stvle of work, the cloth may 
be printed with the mixed solution of acetate ana sulphate of iron, made as 
above, of spec. grav. 4® or 5" Tw., thickened with gum and " sightened" by 
the addition of a little prussiate of potash. After being aged, the cloth is 
winced in chalky water, cleaned, and winced, until it acquires the desired 
shade in a solution containing three or four ounces of prussiate of potash, and 
one fluid ounce of muriatic acid per piece. 

Chrome-Yellow. — A beautiful yellow and orange are produced by the two 
chromates of lead, chrome-yellow and chrome-orange. 

To impart a ground of chrome-yellow to apiece of calico, the cloth should 
be padded with a solution of two pounds of acetate of lead in a gallon of 
water containing a little size, then dried, passed first through a weak solution 
of carbonate of soda, and afterward through a solution of oichromate of pot- 
ash. Rinse and dry. 

To apply chrome-yellow topically, the cloth may be printed with a solution 
containing both acetate and nitrate of lead (from seven to ten ounces of each 
to the gallon), thickened with starch. After being printed and dried, the cloth 
is winced first in a weak solution of carbonate of soda, and afterward in a 
solution of bichromate of potash containing about two ounces per piece. To 
clear the whites, the cloth may be winced in water slightly acidulated with 
muriatic acid. 

Chrome-Orange. — A ground of chrome-orange may be communicated to 
a piece of cotton by first applying chrome-yellow in the ordinary manner, and 
then exposing the cloth to boiling lime-water, which withdraws a portion of 
the chromic acid from the chrome-yellow and leaves chrome-orange : thus, 
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1. Pad the cloth twice in a saturated solution in water of acetate and nitrate 
of lead, in the proportion of a pound of the nitrate to a pound and a quarter 
of the acetate.* Dry in the hot-flue. 

2. Wince in weak milk of lime for a few minutes. 

3. Wince in a warm solution of bichromate of potash containing five or six 
ounces per piece ; and lastly, 

4. Wince in boiling milk of lime. Rinse and dr^r. 

To produce a design in chrome-orange on a white ground, the cloth may 
be printed with a saturated solution of acetate and nitrate of lead, as above, 
thickened with British ^m ; after being dried, it is passed through a solution 
of sulphate of soda to nx the oxide of lead in an insoluble state, then well 
washed in water, and winced in a warm solution of bichromate of potash. 
It is afterward rinsed, and passed through boiling milk of lime to convert the 
chrome-yellow into chrome-orange. 

A design in chrome-yellow on a chrome-orange ground may be obtained by 
printing an acid on the orange ground, so as to withdraw the excess of oxide 
of lead from the subchromate (orange), and thus form the neutral chromate 
(yellow). The blue and black may be merely spirit colors. 

Different shades of gre^n are given to cotton goods by a mixture of chrome- 
yellow with Prussian blue. The coloring materals may be applied consecu- 
tively, or at once from mixed solutions ; the cloth being first padded, in the 
latter case, with a mixture of acetate of iron and nitrate of lead, and after- 
ward winced in a solution of prussiate of potash and bichromate of potash 
with a small quantity of muriatic acid. 

To obtain a design of a green color by conjoining chrome-yellow with 
indigo-blue, the cloth may be printed with a solution of from two pounds to 
two pounds and a half of nitrate of lead in a gallon of the neutralized mixture 
of white indigo with solution of tin prepared as described at pages 147, 148. 
After being printed, the cloth is passed, first, through a warm solution of 
carbonate of soda to fix the blue and oxide of lead, and afterward through a 
solution of bichromate of potash to raise the yellow. 

Iron buff, — The solutions of iron in common use for iron buff are the pemi- 
trate and a mixture of the acetate with the protosulphate, obtained by addins 
from one part to three parts of acetate of lead (pyrolignite) to three parts of 
copperas. Double decomposition takes place between the acetate of lead and 
a portion of the copperas with formation of acetate of iron and sulphate of 
lead. For producing light shades, alum is sometimes added, together with a 
little carbonate of soda to take up a portion of the acid of the alum. . Acetate 
of lime is frequently substituted for acetate of lead, in the preparation of 
" buff-liquor." 

A buff color is produced bv iron buff. 

To impart a buff ground, tne pieces are padded in buff-liquor of any strength 
between 2^ and 10° Tw., according to the shade of color desired ; then dried 
by being drawn either through the hot-flue or over iron boxes filled with 
steam, and aged for one or two days. Some printers then wince the pieces 
in water containing some chalk, and afterward pass them through a solution 
of carbonate of soda ; but it is much better to pass them at once through a 
solution of caustic soda, or through milk of lime. 

During the ageing of the padded ^oods, the salts of the protoxide of iron 
become subsalts of the peroxide, which are decomposed in the alkaline or 
calcareous solution, the acids being withdrawn by the alkali while the peroxide 
of iron becomes fixed on the cloth. 

To obtain an iron-buff figure, the pieces may be printed with a buff-liquor 
of any strength between 1^ and 30° Tw., thickened with either gum, calcined 
farina, salep, or British gum. After being dried and aged, the pieces are 
passed directly through a solution of caustic soda, or else through milk of 
lime. 

* Water is capable of dissolving nearly twice as much of a mixture of acetate and nitrate of 
lead, in the proportion of single equivalents, as of either of the salts separately. * 
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Manganese Bronze. — A brown g^imd is produced by manganese bronze or 
peroxide of manganese. 

A solution of man^nese sufficiently pure for producing the bronze, may be 
obtained from the residue of the process for chlorine, by saturating the remain- 
ing free sulphuric or muriatic acid with chalk, allowing the precipitate to 
settle, and decanting and concentrating the clear supernatant liquid. The 
chalk serves not only to saturate the free acid, but to precipitate peroxide of 
iron from the soluble salts of that oxide which this by-product always con- 
tains. Lime has been recommended for this purpose instead of chalk, but it 
is never employed on the large scale, as an excess would decompose the salts 
of manganese as well as those of iron ; an excess of chalk, however, is with- 
out action on the manganese salt. A purer solution of manganese is prepared 
by heating the residue of the chlorine process with more black oxide of man- 
ganese until the evolution of chlorine almost ceases, and then adding either 
chalk or freshly-precipitated carbonate of manganese, until the liquid becomes 
colorless. Having been allowed to settle, the solution i» decanted and con- 
centrated by evaporation. 

To impart a dark bronze epround such as that above described, the strength 
of the solution of chloride oi manganese may be about 26° Twad. For lighter 
shades, the solution may be made as weak as 4*^ Twad. 

After having been padded and dried, the goods are passed through a cold 
caustic ley, whereby protoxide of manganese becomes precipitated on the cloth. 
On exposure to the air, the protoxide soon absorbs oxygen, passing into the 
state of the brown peroxide ; but the peroxide may be produced immediately 
by wincing the goods in a solution of chloride of lime or chloride of soda as 
soon as they are taken out of the caustic ley. The common practice is to ex- 
pose the pieces to tlie air until they acquire a good full color, and then to com- 
plete the peroxidation of the manganese by a dilute solution of chloride of 
time. 

Peroxide of manganese is very seldom applied as a figure on a white ground. 
The solution of the chloride used for this purpose may have a density about 
16^ Tw., and be thickened with from two pounds to two pounds and a half 
of ffum to the gallon. A small quantity of tartaric acid is a useful addition to 
such a solution. The printed and dried cloth is drawn through a caustic ley, 
exposed to the air, and winced in a solution of chloride of lime as above. 

Scheele^s Green, — To obtain a ground of Scheele's green (arsenite of copper), 
the cloth is padded two or three times with a solution of nitrate of copper, or 
else with a mixture of the sulphate and acetate containing a little size, and 
after being dried, is winced in a dilute solution of a caustic alkali, to fix the 
oxide of copper. The cloth is then rinsed in water and winced in a dilute 
solution of arsenious acid, or else in a solution of arsenite of soda. 

For the manner of applying a few other mineral colors, namely, antimony 
orange, arseniate of chromium, orpiment, and prussiate of copper (see page 
104, et sea*) 

Mineral colors are frequently combined with steam and madder colors in the 
same design. When this is the case, the madder colors are always applied 
first, the mineral colors next, and the steam colors last. 

The followmg method of procuring a design in black, purple, two shades 
of red, two shades of bufi*, green and yellow, on a white ground, is an example 
of the combinations of mineral colors* with madder and steam colors : — 

1. Print the cloth by the four-color machine with the mordants for black, 
purple, and two reds (see page 143) ; 

2. A^e, dung, dye in the madder-beck, clear and diy ; 

3. Print by the two-color machine (or else bv blocks, according to the 
desigiO> with buff-liquor of two strengths, thickened with starch or British gum; 

4. W inoe the clotJi, after being aged, in milk of lime, to raise the bun, and 
rinse in water ; 

5. Dry and print by blocks with the mixtures for steam blue (page 150), and 
steam yellow (page 149) ; 

6. Age, steamy and rinse. A pleasing pattern may be obtained by combiniog 
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in one desi^, on a white ground, figures or bars in different shades of iron 
buffi with a figure or stripe in steam blue. The buffs are first applied in the 
usual manner. 

IT. RESIST STYLE. 

The object of the resist style of work is to produce a white or colored design 
on a colored ground by the topical application, in the first place, of a substance 
called the resist, reserve, or resist paste, which has the property of preyentins^ 
the attachment or development of color, when the whole surface of the cloth 
IS afterward impregnated with a dyeing material. One class of resists, con- 
sisting of substances of an unctuous nature, acts merely mechanically ; another 
class acts both mechanically and chemically. The latter Icind are divisible 
into two subdivisions, according as their influence is exerted merely on the 
mordant or on the coloring matter itself. 

1. Fat Resists. — Resists of an unctuous nature are chiefly used for applying- 
to goods of silk and wool, but they may be also advantageously applied, in 
particular circumstances, to goods of cotton ; as in the combinations of such a 
style of work with madder colors and steam colors. In an early sta^e of the 
process, after having been printed, dyed, and cleared as already described, the 
red and lilac figures are covered (or overlaid) with a resist consisting, usually, 
of an intimate mixture of suet and gum-water.* The whole is then run over 
by the roller with weak iron liquor for the lilac ground, and the cloth is ased, 
dunged, dyed, and cleared. The mixtures for steam green and steam yefiow 
are afterward pegged in by blocks, and the steaming is i>erformed in the usual 
manner. The mixture for the green in the above specimen is quite similar 
to that described at page 152 ; that for the yellow was made by mixing a quart 
of red liquor of spec. grav. 8J°Tw., with a gsdlon of berry liquor of 2^ Tw. 

In this style of work, the dyeing with madder might as well be performed 
at one operation, aS the red lilac mordants are not at all injured by the fat re- 
sist with which they are covered. 

2. Resist for Mordants. — The material generally used for preventing the 
deposition of a mordant on particular parts of the cloth is an acid or acidulous 
salt capable of uniting with the base ot the mordant, to form a compound sola* 
ble in water and not decomposable into an insoluble subsalt during the hang* 
ing of the mordanted goods, previous to dunging and dyeing. The resist com- 
monly employed for the iron and aluminous mordants is lemon-juice or lime- 
juice, or a mixture of one of these with tartaric and oxalic acids and bisulphate 
of potash. The thickening material is either a mixture of pipe-clay or china- 
clay with common gum, a mixture of British gum with gum Senegal, or British 
gum alone. Lemon-juice pr lime-juice is decidedly preferred to pure citric 
acid (which is the acid principle of these juices), as the mucilaginous matten- 
in the former impede the crystallization of the acid within the pores of the 
cloth, and thus render it better adapted to prevent the attachment of the mor* 
dant in an insoluble form. The strength of the resist is regulated by the 
strength of the mordant afterward applied, it is seldom used of a higher denaitf 
than 29 Twad. 

Designs in black, lilac, and white, on a lilac ground, can be produced by 
adapt)<«g the resist style of work to madder colors. The printing for Bach a 
patterii may be performed by the three-color machine in the following ordtf : — 

By the first roller ; the resist, which may be either lemon-juice of spec gray. 
2^' or 3*^ Twad*, thickened with four pawids of British gum to the j|[alloD, or 
el» a solution of about the same density, of tartaric and oxalic acids m weaker 
lemon-iuice, alto thickened with Britiaa gum : 

Bf tne second roller; the mordant for the black, which is iroa liquoref 
spec. gray. 8^ Twad., thickened with a pound and a half of floarto the gallcn: 

By the third roller ; the mordant for tne ground of lilac, which is iron liqnor 
of ^ee. grar. 1^^ Twad^ thickened with four poands of British gum to thm 



* A Bolatkm of citnte of foda (obtained Inr nentr^Usfaig Uma-jvlM wttk wodMit ♦1i<ihMi«<l «ttk 
^p*<U]r and gwa, aiight be need instead of the mixture mentioned in the text. 
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The application of the mordant for the ground may he made hy the padding 
machine, (tig. 41, page 154), but it is commonly done by the cylinder machine, 
the entire surface of the copper roller being slightlv roughened or engraved in 
dose diagonal lines, so as to enable it to afford a uniform deposite on the clotL 

The operations of agein^^, dunging, dyeing, and clearing, are conducted in 
much the same manner as if the acid resist had not been applied. It is usual, 
in this style of work, to add a small quantity of chalk to the dung-beck, in or- 
der to counteract the effects of the free acid in the resist. 

Iron liquor ma^ be resisted or prevented from affording a deposite of insoluble 
subsulphate during the ageing, by a process somewhat different from the 
above, the resisting agent being protochloride of tin (commonly called salts 
of tin), instead of a free acid or an acidulous salt. A mixture of protochloride 
of tin and iron liquor does not afford a deposite of a subsalt of iron during the 
ageing of cottons printed with the mixture, probably through the occurrence 
of a double decomposition with formation of acetate of tin and chloride of iron. 
The latter compound does not afford an insoluble precipitate during the ageing, 
and may be entirely removed from the cloth by washing. 

When a piece or cotton cloth is printed with a solution of salts of tin by the 
first roller of a two-color machine, and with iron liquor by the second roller, 
over the parts printed bv the first roller, such a mixture as the above is of 
course formed wherever the salt of tin had been applied, and no subacetate of 
iron is deposited there during the ageing. 

The protochloride of tin, however, is never applied in this way with a view 
of producing a white figure on a colored ground ; it is commonly mixed with 
red liquor, as the deposition of the insoluble subsulphate of alumina from that 
preparation is not interfered with by the protochloride. After a piece of cloth 
thus printed has been aged, dunged, dyed in the madder-beck, and cleared, it 
therefore presents a red figure surrounded by purple or lilac. It is to be ob- 
served that this method of procedure is only followed when a better definition 
of the red design is required than could be attained by leaving a blank figure 
in the roller for the iron liquor, and afterward printing the red liquor on the 
white parts either by a second roller or by the block. To resist weak iron 
liquor and impart the mordant for a full red with madder, the mixture may 
have the following composition : — 

1 gallon of red liqaor of IS"" Twad., 

4 oz. crystals of protochloride of tin ; with a sufficient quantity of British gam or a 
mixture of British gum and starch as the thickener. 

To obtain a design in full red and black on a lilac ground, the cloth is print- 
ed with strong iron liquor for the black, with the aoove mixture for the red, 
and with iron liquor of 1° Twad. for the lilac ; after which it is aged, dunged, 
dyed, &c., in the usual maimer. A great variety of pleasing effects may be 
produced by combining this kind of work with steam or topical colors, the 
iron liquor not being applied as a ground, but as a design extending on each 
side of the red figure, and on the parts left white the steam colors are applied, 
idfter dyeing with madder and clearing. 

Another material, much used as a resist for red liquor and iron liquor, is a 
solution of citrate of soda, prepared by neutralizing lime-juice of about 4° 
Twad. with soda, thickened wim a mixture of gum and pipe-clay. The action 
of this resist may probably be referred to the tendency ot citric acid, like oxalic 
acid and a few others, to form a double salt with peroxide of iron or alumina 
and an alkali, which affords no precipitate of alumina or oxide of iron during 
the ageing. In this case a portion of the alkali in the neutral citrate is with- 
drawn by the acetic acid in the mordant, an acid citrate of soda being thus 
formed. Neutralized lime-juice of 4** Tw., has about the same resisting power 
as the unneutralized juice of 2? Tw. 

The principal use of neutralized lime-iuice as a resist for iron liquor is to 

grotect figures previously applied in madder colors; for which purpose the 
ee acid is quite inapplicable, as it would dissolve the mordant on the cloth in 
combination with the coloring-matter. If the dyeing of the cloth with mad- 
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der is perfonned at two operations, neutralized lime-juice is generally prefer- 
red to the fat resist for protecting the red, lilac, and white figures ; hut if the 
maddering is to he completed at one operation, the fat resist must he used. 

3. Resists for the coloring matter^—^The production of a white or colored 
pattern on a colored ground hy the direct action of a resist on a coloring mat- 
ter, is chiefly practised with indigo, at least in the printing of calicoes. The 
substances most commonly employed for this purpose are salts of the black 
oxide of copper, particularly the sulphate and the acetate. The other sub- 
stances employed as resists for indigo are sulphate of zinc, chloride of zinc, 
chloride of mercury (corrosive sublimate), and a mixture of corrosive subli- 
mate and binarseniate of potash. None of these are in common use except 
sulphate of copper, acetate of copper; and sulphate of zinc. 

The ordinary course of operations practised in this style of work, with the 
view of producing merely a white pattern, are the following : — 

The resist, mixed with unctuous matters and properly thickened, is first 
printed on such parts of the cloth as are not to absorb the indigo, and the 
goods are suspended for one or two days (according to the composition of the 
resist^, in a chamber at common temperatures, and not very dry. The pieces 
are tnen fixed on a frame and dipped into the indigo vat, which contains, in 
solution, the colorless hydruret of indigo, or indigotin (see page 244). The 
solution of indigotin is immediately absorbed by the cloth on all parts where 
the resist had not been printed, which parts become deep blue when the cloth 
is afterward exposed to the air, the soluble indigotin passing into the state of 
insoluble indigo-blue through the absorption of oxygen. But wherever the re- 
sist had been applied, the solution of indigotin is not absorbed by the cloth, 
Eartly on account of the unctuous matters contained in the resist, but chiefly 
:om the action of the metallic salt on the indigotin in solution, by which either 
indigotin or else indigo-blue becomes precipitated before the solution reaches the 
interior of the flbre, and being precipitated the indigo is rendered incapable of 
being absorbed by the pores of the cloth. The indigo-blue which is formed 
by the resist is merely attached to the surface of the cloth, and is easily re- 
moved by washing. 

The first chemical change whi(^h occurs when the cloth printed with a resist 
containing sulphate or acetate of copper or corrosive sublimate is dipped into 
the indigo-vat, is the decomposition of the metallic salt in the resist by the 
^kali or lime in the vat, whereby the cupreous salts afibrd a precipitate of 
hydrated protoxide of copper (black oxide), and corrosive, sublimate, a precip- 
itate of protoxide of mercurjr (red oxide). ''*' These oxides are no sooner pro- 
duced, than they exert an oxidizing action on the indigotin in solution, and be- 
come reduced to the state of inferior oxides. The protoxide of copper becomes 
the red or suboxide, which generally requires to be cleared away at the end of 
the process by wincing the goods m dilute sulphuric acid, and the protoxide 
of mercury becomes the black oxide or suboxide. 

The mode of action of sulphate of zinc is somewhat different. This salt ex- 
erts no oxidizing action on the indieotin, but causes the precipitation of that sub- 
stance in an insoluble state by withdrawing the lime wnich nolds it in solutioQ. 
By the reaction of the lime in the solution on the sulphate of zinc, there are also 
precipitated sulphate of lime and oxide of zinc, botn of which offer a mechaii- 
ical impediment to the access of the liquid to the cloth. 

The sulphate of zinc resist should be used only in cases where it would not 
be allowable to expose the goods to dilute sulphuric acid, after having been 
dipped in the blue-vat, as if, for instance, a design had been previously applied 
in madder-colors, this operation being unnecessary with the zinc salt. Cor^ 
rosive sublimate is far too expensive, and also too weak, to be commonly emr 
ployed as a resist for indigo, except where a very delicate figure in madder 
colors has to be protected. 

A white pattern can be produced by such a process as that just described. 
For this style of work, the blue-vat or solution of indiffotin may be made by 
mixing one hundred pounds of ground indigo, one hundred and thirty-fire 

* Commonly called thfi peiozido. 
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pounds of copperas, one hundred and seyenty-five pounds of lime, and from 
sixteen hundred to two thousand gallons of water. The vat is Ht for use two 
days after the materials are mixed. For a deep blue, the cloth is dipped into 
the rat for ten minutes and then exposed to tne air for the same length of 
time, and the dipping and exposure to the air are repeated until the required 
depth of color is obtained. 

The composition of the resist paste is varied according to the depth of color 
in the blue ground. The foUowmg mixture is well adapted for dark blue :— 

No. 1. " 

3 to 4 poonds of sulphate of copper, 
7 pints of water, 

6 pounds of pipe-clay, china-clay, or sulphate of lead, 

4 ounces of soft soap, 
3 pounds of gum. 

For a resist paste for light blue, the proportion of sulphate of copper may be 
reduced to eight ounces in a gallon of the paste. This resist we may call No. 2. 

The sulphate of zinc resist, for protectmg a design in madder colors as well 
as for preserving some white, may have the following composition * 

No. 3. 
4 to 6 pounds of sulphate of zinc, 
2 quarts of boiling water, 
5^ pounds of pipe-day, 
4 ounces of soft soap, 
2 ounces of hogsMard, 
2 quarts of gum-senegal water, containing 6 pounds of gum to a gallon of water. 

The sulphate of zinc is first dissolved in the hot water, and with this solu- 
tion, while warm, the pipe-clay, soap, and lard, are thoroughly incorporated. 
When the mixture is cold the gum-water is added. 

Such are the mediods of obtaining^ a white figure on a blue ground by the 
resist style. To procure a desij^n in white and light-blue on a dark-blue 
ground, the cloth is first printed with the strong cupreous resist (No. 1), dipped 
in the blue-vat and cleaned, as if a white design only is required. After 
being dried, it is printed with the weaker resist containing sulphate of copper 
(No. 3), again dipped in the blue-vat to a lighter shade, cleared in dilute sul- 
phuric acid, and dried. 

A great variety of colored designs on the same ground may also be obtained 
by combining with the resist, either one of the saline solutions capable of 
imparting a mineral color, or else the mordant for a coloring matter to be 
applied by the madder style. 

A design composed of yellow figures on an indigo ground, is very commonly 
and easily obtamed by combining the resist with a salt of lead, and padding 
or wineing the cloth in a solution of bichromate of potash after bein^ dipped 
iiHto the indigo- vat and cleared. The successive operations to which a piece 
oi calico is mbjected in this kind of work are the following : — 

L Pfuitiiig with the mixture of resist and salt of lead, which may have 
dMibUowing compofikion: — 

1 gallon of water, 

3 to 4 pounds of sulphate of copper, 
. 1 pound of nitrate of lead, 
1 )Mmad of aeetftte of lead, 
3 pints of a paste of precipitated sidphate' of leii. 
5 or 6 pounds of pipe^lay^ 
2' to 3 pounds of gnm* 

2. Hanging for one or two days in a room having a tadier htunid tttmyo^ere; 

3. Dipping- into the indigo^at ; 

4 Ptassing thtou^ dilute sulphuric acid ; 

5. Steeping in water for halfan hour, and washing ; 

6. Wipcing in a dilute solution of carbofiate of boSbl ; 



CALICO-PRINTING PROCESSES. 1«1 

T Wincing in a solttti<Hi of bichromate of potash, containing five ovnices 
of the bichromate per piece of calico ; 

8. Wincing in dilute muriatic acid ; 

9. Washing in water. 

To obtain a figure of chrome-orange instead of chrome-yellow, the calieo 
ioay be first treated as above, and afterward winced in hot milk ci lime to 
eonvert the chrome-yellow into chrome-orange. 

To procure a design in yellow and light blue on a dark blue ground, the 
cloth IS submitted to the following operations : — 

1. It is first printed with the mixture of sulphate of copper and salts of 
lead for chrome-yellow, and on the parts to be light blue with a mixture of 
lenilphate of copper and acetate of copper, formed by mixing solutions of 
acetate of lead and sulphate of copper, allowing the mixture to settle and 
decanting the supernatant liquid ; 

S. After being dried, the cloth is dipped into the blue-vat for the dark 
ground; 

3. It is next passed through dilute sulphuric acid to clear the whites of the 
suboxide of copper, and waSied in water ; 

4. After being winced in a mixed solution of carbonate of soda and car- 
bonate of ammonia, it is dipped a second time into the blue-vat for the light 
blue of the figure, and then washed in water ; 

5. It is afterward winced in a solution of bichromate of potash, and then 
tirawn through a cistern containing a solution of one ounce of oxalic acid and 
one ounce of sulphuric acid to the gallon of water. 

A pattern comprising a figure of iron bufi* on a sround of indigo may be 
applied to cloth by a similar combination of the padding and resist styles, the 
cupreous resist being mixed with a salt of the peroxide of iron. After the. 
^ound of indigo is applied, the cloth is slightly washed, and then winced in 
a warm dilute solution of carbonate of soda to precipitate hydrated oxide of 
iron. A buff figure on a dark green ground is- sometimes produced by first 
imnting the doth with the white resist No. 1 (page 160), then dipping into 
ihe blue-vat, and after the cloth is cleared ana dried, padding it with bufT- 
liquor, and raising the buff by carbonate of soda. 

Another method of producing a colored figure on the indigo ground, is by 
combining with the resist paste a mordant for a vegetable coloring matter, to 
be applied by the madder style, after the cloth has been dipped into the indi- 
ffo-vat This kind of work, which is susceptible of a freat variety of modi- 
fications, is distinguished as the lapis or lazulite styie, from the resemblance 
of the calico thus printed and dyed to the mineral lapis lazuli. It is also 
known .as the neutral style. 

To obtain a red figure on the indigo j^ound, the cloth is printed with a 
resist paste composed, essentially, of red fiquor, sulphate of zinc, and acetate 
of copper. 

This resist may be made of the following materials, mixed in the order in 
"Wliich they are placed :^ 

JXo, i. 
it fftHtm-ttC ioiting water, 
6 pounds of alum,i 
4 pounds €f «mdefaaetite.nf lead, 
.4 oniMtf of ychalk. Added in small fumatH&CB «t,a tnoe^aBd 
^.•naoc8*<if ^sjilnbate of .jeUk:. 

"Xhese matervils having been thoroughly incorporated, the taoixtiire is 
allowed to settle, and the clear supernatant liquid is decanted and mixed widi 
acetate of copper and gum-sene^, thus: — 

4.gafipaH^>^ iboi^e cle^4iq9i4i 

18 ounces of gnm-senegal/ 
tftfponadsjrf tpipe slay, 

4 oonees of soft soap^ and a little fliwiart4aaigo>for ^^^^S^OMJogJ* 

11 
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One half of the liquid is well mixed with the acetate of c^per, pipe-clay, 
and soap, aad the gum Senegal is afterward added, dissolved in the other half 
of the liquid. 

After being printed with this resist, the cloth is aged for two or three days, 
and then subjected to the following operations : — 

1. Drawing by rollers once* through the blue-vat at 70® Fahr., made from 
the proportions of lime, copperas, and indigo, mentioned at page 159, but with 
only eight hundred gallons of water ; 

2. Rinsing in water ; 

3. Dunging or branning ; 

4. Washing at the da^-wheel ; 

5. Dyeing in the madder-beck, with from two to five pounds of madder pei 
piece ; 

G. Clearing by boiling first in bran-water and afterward in soap-water. 
To produce a light red figure with madder, the resist may hare the follow- 
ing composition : — 

4 measures of the sulphate of zinc resist paste No. 3, page 160. 

1 measure of the mixture of red liquor and sulphate of zinc made as above. 

1 measure of weak peachwood liquor, 

1 measure of water. 

For two reds the cloth may be printed with the preceding mixtures at the 
same time by the two-color machine; and be treated afterward in the manner 
just described. 

To obtain merelv a small black figure on the indigo ground, the cloth may 
be dipped in the blue-vat to the required shade, and then be printed with the 
mixture for producing a topical black dye, such as pemitrate of iron, copperas, 
and extract of logwood (page 145). But if the design includes figures in red 
and white, the black forming a more considerable portion of the figure than a 
mere outline, it is better to mix iron liquor of 8° or 10° Tw. with the cupreous 
resist, and to dye the cloth in the madder-beck, after having dipped it into the 
blue-vat to the proper shade. A great variety of purple, lilac, and chocolate 
teints may also be obtained on the same ground, by combining with the 
cupreous-resist, either weak iron liquor or else mixtures in various proportions 
of iron liquor with red liquor, and dyeing in madder afler the dipping in 
the blue-vat. 

To impart to the blue ffround a design in light blue, together with a color 
capable of being applied by the madder style, the cloth may be treated as 
follows : — 

1. Print with the white resist, No. 1, page 160. 

2. Dip into the blue-vat, wash, wince in dilute sulphuric acid, rinse in water 
and dry ; 

3. Print the mixture of the mordant with the cupreous resist on a part of the 
white figure produced b^r the. first resist ; 

4. Dip a second time into the blue-vat, to obtain a light blue on the parts 
not protected by the second resist, rinse ^i water ; 

5. Dung, wash, and dye in the decoction of the dye-stufi*, and afterward clear 
by branning. 

If a white figure is required in addition to the above, the cloth is first printed 
with the strong white resist and dipped into the blue-vat as already described, 
and is afterward printed oo the protected parts, by the two-color machine, if 
the design admits, with the mixture of mordant and salt of copper, and also 
with a mild resist such as No. 2, page 160. It is then dipped mto the blue- 
vat and dyed in the usual manner. 

To precure a pattern containing a design in orange, crimson, and white on 
a blue ground, the cloth is printed by the two-color maohine with the mixture 
of salts of copper and salts of lead (page 160), on the parts to be orange, and 
with a white resist on the parts to be crimson. and white. After being dipped 

*■ If the cloth is exposed to the blne-yat for some len^ of time, tiie iluniiiunui mordant \b sepsr 
mted from the cloth by the line in the vat. 
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into the blue-vat and cleared in dilate sulphuric acid, it is winced in the follow- 
ing liquids: 1°, solution of carbonate of soda ; 2°, solution of bichromate of 
potash ; and 3°, dilute muriatic acid. It is next passed through hot milk of 
lime to convert the chrome-yellow into chrome-orange, rinsed and dried, and 
is afterward printed by block on parts of the white with the mixture for a 
topical or steam red or crimson. 

A design in blue, yellow, green, red, and white on a dark chocolate ground, 
was produced by combining the lazulite style with a topical color. This kind 
of work is distinguished as the " chocolate ground neutral style." For such 
a pattern the cloth is first printed (either by machine or block), with the white 
resist,* No. 1, page 160, on all the parts required to be yellow and white ; 
with the mixture of red liquor, sulphate of zinc, and acetate of copper, made 
as described at pa^e 161, on the pans required to be red ; and with a mixture 
of iron liquor, red liquor, sulphate of copper, and soft soap thickened with pipe- 
clay and gum, for the chocolate ground or *< blotch." Alter 'having been aged 
for a day or two the cloth is drawn once through the indigo-vat, then washed, 
dunged, dyed in the madder-beck, and cleared by branning. Lastly, the mix- 
ture for a topical or steam yellow is applied by the block. 

A process referable to the resist style is that by which a white figure is ob- 
Caine.d on a ground of catechu brown. On the parts to be preserved white, the 
cloth is printed with a solution of citrate of soda (such as that obtained by 
exactly neutralizing lime-juice with caustic soda), thickened with a mixture 
of pipe-clay and gum ; or else, what is preferred, a mixture of sulphate of zinc, 
pipe-clay, and gum. Such a resist may be printed on the cloth by one roller 
of a two or three color machine, and the catechu mixture (page 145), by 
another roller, or if required, two or three shades of the brown may be applied 
bv as many rollers. The action of both of these resist pastes is chiefly me- 
chanical ; but the sulphate of zinc also acts by precipitatincr the catechu in 
solution, and thus preventing its access to the fibre of the clotn. 

The same resist may be employed for preventing the deposition of catechu 
on a coloring desi^ previously applied in madder colors. To produce thia 
pattern, the cloth is treated as follows : — 

1. Print by the two-color machine with strong red liquor for the red, and 
with a mixture of iron liquor with a little red liquor for the dark puce; 

2. Age, dung, and wash in the usual manner ; 

3. Dye in the madder-beck ; 

4. Clear bv branning, &c., and dry ; 

5. Cover all the figures thus produced, with a resist paste of sulphate of zinc, 
pipe-clay, and gum ; 

6. Apply the catechu ground by a roughened roller, and age for a couple 
of days, previous to washing at the dash- wheel. 

A red shade may be given to the catechu ground by impregnating the entire 
surface of the clotn with weak red- liquor, by a roughened roller, at the same 
dme as the strong red and puce mordants are applied. Two shades of brown 
are sometimes imparted by applying the weak red liquor to certain parts of 
the mund, as for instance in broad stripes, the intervening spaces having 
catediu only. 

V. DISCHARGE STYLE. 

The manner of producing a white or colored pattern on a colored ground by 
the topical application of a " discharger" to a cloth already mordanted or dyed 
is applicable to both mineral and vegetable coloring matters. Like the resist 
paste in the preceding style, the discharger may act either on the coloring 
' matter itself or on the mordant before the cloth is exposed to a dyeing liqui£ 
Dischargers for mordants are generally acid mixtures quite similar to resists 
for mordants, but dischargers for coloring materials are obtained from different 

* If a Tery small or well-defined white figure la required, the cupreooa retitt should be mixed 
with lime-juice and sulphuric acid or blautphate of potash, to resist the mordant in the chocolate 
vesist, afterwMd appited aa a Uotch. Sock a mixtu 9 ia deaifnated (not very appropriately), nfuini^ 
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eliMes of chemical substances according to the nature of the coloring matter 
to be removed. The essential property required in a discharger is that of 
converting the substances on the elotn into colorless or soluble products, which 
may be removed from the cloth so as not to interfere with the subsequent ap- 
plication of a coloring material to the parts discharged. 

1. Dischargers jfor Coloring Matters. — The materials used as dischargen 
for vegetable coloring principles are chlorine and chromic acid, the bleaching 
powers of which have before been alluded to (page 98). 

To effect the topical discharge of a vegetable coloring matter by means of 
chlorine, with the production of a white fi^re, the dyed cloth is printed on 
those parts which are to be di89harged, with a thickened acid mixtare, the 
composition of which is varied according to the fastness of the color to be 
destroyed, and after being suspended to dry for a day or two^the cloth is drawn 
(by a pair of squeezing rollers), through a solution of chloride of lime not 
stronger than 9* Twaddell or 1*040. The calico should be extended on roUen 
while beinjg drawn through the solution, and should not occupy more than two 
or three minutes in its passage. The solution of chloride of lime is usually con- 
tained in a rectangular cistern of wood lined with lead, of the following dimen- 
^sions ; six or eight feet long, three feet wide, and four or five feet deep. As 
soon as the ^oods are taken out of the solution of chloride of lime, they an 
put to soak m water ; after which they are washed either at the dash-wheel 
or in the rinsing machine, and then dried. 

The chemical reactions which take place in this process are by no meaM 
complicated. Chloride of lime does not of itself bleach Turkey-red and some 
etiier fast colors immediately ; so that a cloth dyed with such colors maf 
remain for some minutes in contact with a solution of chloride of lime withont 
any deterioration in color. But the acid applied to certain parts of the olotk 
combines with the base of the chloride and liberates free chlorme, which exerts 
an instanteneous bleaching action on the vegetable coloring matter on thoae 
parts of the cloth. Almost the only colors to which chlorine can be thus ap- 
f4ied as a discharger, arc Turkey -red and other madder colors and indigo, as 
the more delicate colors are easily discharged by chloride of lime alone. 

■A white dischari^er adapted for all madder colors except Turkey-red may 
be made by dissolving four pounds of tartaric acid in a gallon of water, nuxin| 
this solution with a gallon of lime^uice of spec. grav. 44^ or 4SP Twad., and 
thickening the mixture with pipe-clay and ^m. 

The white discharger for Turkey-red requires to be somewhat stronger than 
the above. It may be made by mixing four pounds of tartaric acid with a gal- 
lon of lime-juice at about 30^ Twad., and after thickening with pipe-chiy and 
gum, adding about a pound of concentrated sulphuric acid, or two pounds of 
bisulphate of potash. 

In a particular style of work, the Turkey-red is discharged by the direct 
topical application of chlorine, or rather of an aqueous solution of chlorine. 
It is in this way that the celebrated Bandana handkerchiefs, which have white 

azures on a dark ground, have been most successfully imitated by Messrs. 
onteith of Glasgow. The style is only practised in the manufacture of hand- 
kerchiefs. 

From ten to fourteen pieces of cloth, previously dyed Turkey-red, are 
stretched over each other quite parallel, and passed together by portions at a 
time (proceeding from one end of the pieces to the other end), between two 
leaden plates, one of which is superimposed immediately over the other. 
Each of these leaden plates is cut completely through so as to leave hollow 
places on all the parts required in white on the red ground. By means of a 
hjrdraulic pres^, the pieces of cloth are compressed between the leaden plates 
with a force of three hundred and twenty tons on the whole surface, while 
the cloth is eomosed to this immense pressure, an aqueous solution of tchlorine 
(obtained by adding sulphuric acid to a solution of chloride of lime), is made 
to percolate dawnwara through the pieces by the openings in the leaden 
gslales. As tfaexwansasBed state of the doth prevents the imbibiuon of 4be 
liquid except by the parts oppop A to the design on the lead, the soliitisB 
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passes on in a circumscribed channel to the lower leaden plate, where it e»> 
capes and is conveyed away by a waste-pipe. The portions of doth through 
which the liquid passes are entirely deprived of their color. 

As soon as the chlorine solution is passed through, water is made to per- 
colate in a similar manner to wash away the chlorme, else the definition of 
the pattern would be impaired. The passage through the cloth of the chlorine 
solution and the water for washing is sometimes assisted by a pneumatic ap- 
paratus consisting of a large gasometer, from ighich a current of air is caused 
to proceed under a moderate pressure, and act in the direction of the liquid. 

When a considerable quantity of water has passed through the cloths, the 
pessure is removed and the pieces are washed and slightly bleached, where- 
by^ the lustre both of the design and the ground is considers blv increased.*' 

'After the production of a white figure on a colored grouna by the applica- 
tion of the acid discharger and immersion in the solution of chloride of lime, 
colored figures may be applied either to the ground or to the white figure by 
grounding in topical colors b^ the hand-block. A common method of impart- 
mg a colored figure is by mixing with the acid discharger one of the two so- 
lutions necessary for producing a mineral coloring material. For example, to 
impart a yellow figure to a piece of cotton dyed with Turkey-red, the cloth is 
treated in the following manner : — 

1. It is printed by the machine with a chrome-yellow discharger composed 
of 

1 gallon of lime-juice, of spec. grav. 2(P Twad., 
5 pounds of tartaric acid, 
4 pounds of nitrate of lead, with a mixture of 
pipe-day and gum as a thickener. 

2. Afler hanging for a day or two, the piece is passed through the solution 
of chloride of lime at 8^ Twad. 

3. It is soaked in water and then slightly winced in water. 

4. The piece is next winced for about a quarter of an hour m a solution of 
bichromate of potash containing from three to five pounds to the piece. 

5. It is lastly passed through, or winced in dilute muriatic acid, washed at 
the dash-wheel and dried. 

To obtain both a white and a yellow figure on a Turkey-red ground, the 
dyed cloth may be printed with two acid dischargers, one intended for the* pro- 
duction of the'white fi^re, the other for the yellow figure. The subsequent 
treatment of the cloth is the same as above. 

To impart a blue figure to the same ground, the dyed cloth is printed with 
a mixture of soluble Prussian-blue, permuriate of tin, and tartaric acid, after 
which it is drawn through a solution of chloride of lime. The Turkey-red 
thereby becomes discharged, and the Prussian-blue fixed on all the parts where 
the abovfe mixture had been printed. 

The only substance besides chlorine which can be conveniently empldyed 
to effect the topical destruction or removal of a vegetable coloring matter is 
chromic acid, which produces the decomposition of the coloring matter, by 
virtue of its oxidizing power, the chromic acid becoming reduced to the state 
of green oxide of chromium. The vegetable coloring principle best adapted to 
this kind of work is indigo. 

To obtain a white pattern on aq indigo ^ound by means of chromic acid, 
the cloth is first dyed uniformly with indiffo in the ordinary manner, and then 
padded with a solution of bichromate of potash containing about five or six 
ounces per piece. After being carefully dried in the shade at the ordinary 
temperature, the cloth is next printed with a discharger containing tartaric 
acid, oxalic acid, citric acid, and sometimes muriatic acid ; and immediately 
after the impression it is winced in water containing some chalk in suspension, 
then washea at the dash-wheel, passed through dilute sulphuric acid, and last* 
ly washed in dean water. 

The color of the indigo on the cloth is destroyed immediately on the appli- 

« A detailed account of this interesting process, by Dr. Ure, may be found in the Journal of the 
Royal Institution for 1889. 
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cation of the acid discharger : chromic acid is then liberated from the bicbio- 
mate through the superior affinity of the acids in the paste for the potash, and 
the free chromic acid at once oxidizes and destroys the coloring matter. In- 
digo is almost the only substance which can be adapted to the chromic add 
discharger, owing to the oxidizing action which the bichromate of itself ex- 
erts on vegetable coloring materials in general ; hence the reason also for dry- 
ing the dyed goods, after being padded with the bichromate, in a darkened 
chamber and at the ordinary tecaperature. 

To produce a yellow instead of a white figure, the acid discharger may be 
mixed with a salt of lead ; in other respects the process is the same as above. 

The following method of obtaining a white figure on a dark green ground is 
an example of the combination of the madder style of work with the chromic 
acid discharge style : — 

1. Dip the cloth in the blue-rat to the desired shade ; 

2. Pad in a mixture of red liquor with bichromate of potash containing five 
or six ounces of the latter to the gallon, and dry in the snade ; 

3. Print the cloth, without being washed, with a mixture of lime-juice, sul- 
phuric acid, and oxalic acid ; 

4. Pass the cloth throusrh a mixture of hot water and chalk, and dye in a 
decoction of quercitron bark ; 

5. Wash and clear by branning. 

In this process, the mixture of lime-juice, sulphuric acid, and oxalic acid, not 
only liberates chromic acid from the bichromate of potash, but also dissolres 
the subsulphate of alumina deposited from the red liquor ; the parts on which 
this mixture is applied do not therefore become permanently dyed yellow when 
the cloth is exposed to the decoction of quercitron. 

The discharge style is applicable to clqths dyed with mineral as well as 
with vegetable and animal coloring matters. 

1. A white figure may be produced on a ground of Prussian-blue, by imprint- 
ing on the cloth a paste containing a caustic alkali (either potash or soda), and 
passing the cloth afterward through a solution of oxalic acid. , The Frussian- 
oJue is here decomposed by the action of the alkali, affording yellow prussiate 
of potash, or prussiate of soda, which may be removed by washing, and pe^ 
oxide of iron, which is precipitated on the cloth, but is afterward dissolved 
out by the oxalic acid. 

2. A white figure on a ground of manganese brown may be very readily 
obtained by imprinting the cloth, after being dyed brown in the ordinary man- 
ner (page 156), with a slightly acid solution of protochloride of tin of a spe- 
cific gravity about 70° or 80° Twad., or containing a pound and a half or two 
pounds of the protochloride per gallon, according to the intensity'of the shade 
of the manganese ground. The solution of protochloride of tin is thickened 
with about a pound of starch to the gallon. The peroxide of manganese on 
the cloth is decomposed bv the protochloride of tin and converted into proto- 
chloride of manganese, wnich be^g a very soluble salt is easily dissolved out 
by washinj^, leaving the parts white, or nearly so, on which the salt of tin had 
been applied. Peroxide of tin is formed at the same time, and remains for 
the most part attached to the cloth ; but, bein^^ white, it does not vitiate the 
pattern, and, if required, may be made subservient to the application of the 
coloring principle of a vegetable dye-stuff, as peachwood, quercitron, of log* 
wood. As most acidulous mordants are capable of removing the peroxide of 
manganese and inserting their own bases instead* a great variety of colored 
designs may be applied to the manganese ground by afterward dyeing such 
goods in various dye-becks. 

To impart a design -in white, blue, and yellow, on a bronze ground, the 
cloth on which the manganese has been raised may be printed with the salts 
of tin for the white ; with a mixture of berry liquor, alum, and salts of tin, 
for the vellow ; and with a mixture of salts of tin, prussiate of potash, pemi- 
trate or iron, muriatic acid, and British gum, for the blue spots. The color 
of the latter mixture is at first greenish-white, but it changes to blue on 
exposure to the air. 
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' A design in different shades of red and pink may be communicated to the 
same ground by means of a mixture of peachwood liquor or cochineal liquor 
with alum, perchloride of tin, and protochloride of tin, thickened with gum 
tragacanth ; and a mixture of logwood liquor, with alum and the two chlorides 
of tin, thickened with starch, may be used for imparting different shades of 
purple and violet to the same ground. 

A figure in chrome-yellow may be produced on a ground of manganese 

bronze by printing on the dyed cloth a discharging material composed of tai^ 

taric acid, nitrate of lead, and salts of tin. After the cloth is dried, it is 

passed first through lime-water, then through a solution of bichromate of 

* potash, and afterward through dilute muriatic acid to brighten the yellow. 

3. Protochloride of tin, when mixed with sulphuric and tartaric or oxalic 
acid, is also used as the discharging material for chrome-yellow and chrome- 
orange. The discharge of the chromates of lead is effected, in this case, by 
the reduction of the chromic acid to the state of green oxide of chromium, 
which forms soluble salts with the acids. 

A variety of colored designs may also be applied by combininc^ with the 
discharjg^er, the ^naterials for the production of a lopicsu color. Thus, a blue 
figure is sometimes produced by printing on the orange or yellow cloth a 
mixture of the two chlorides of tin, Prussian blue, and muriatic acid ; a vio- 
let figure, by logwood liquor mixed with alum, tartaric acid, protochloride of 
tin and starch ; and a red or pink figure, by a similar mixture containing 
peachwood Hquor instead of logwood liquor. 

Another material which may be used for discharging chrome-yellow and 
chrome-orange, with a view of producing a white figure, is a strong caustic 
alkaline solution, but protochloride of tin will generally be found more con- 
venient and more effective. 

4. A white figure on a ground of iron buff is obtained by applying to the 
colored cloth a mixture of tartaric and oxalic acids with lime-juice, thickened 
with pipe-clay or China-clay and gum. The acids dissolve the peroxide of 
iron, and the fi^pire is obtained perfectly white by washing. The readiest 
way of discharging the iron is to apply the acid mixture after the cloth has 
been padded in the iron liquor, and before it is exposed to the alkaline solu- 
tion to precipitate the peroxide. A solution of protochloride of tin in a dilute 
acid, thickened with starch, is also sometimes used as a white discharger for 
iron buff; and for produciDg colored designs, the protochloride may be mixed 
with perchloride of tin and either logwood liquor, peachwood liquor, or berry 
liquor. 

The following method of producing white and buff-colored figures on a 
dark-green ground is an example of the combination of such a process as the 
above with the resist style. 

1. The cloth is printed. with the white resist for the indigo-vat (No. 2, 
page 160) ; 

2. It is dipped into the blue-vat, rinsed, and dried ; 

3. It is padded with rather weak iron liquor and a^ed ; 

• 4. A solution of tartaric and oxalic acids in lime-juice, thickened with pipe- 
clay and gum, is applied by the block to parts of the buff spots ; 

5. The cloth is washed in water holding chalk in suspension to remove the 
add paste ; 

6. It is lastly winced in an alkaline solution, to raise the buff, and then 
washed. 

The white figure is here produced by the discharge of the salt of iron from 
parts of the spots on which the indigo had been resisted ; the buff figure is 
the remainder of those spots, and the dark green ground results from the 
mixture of the indigo with the buff. 

2. Dischargers for Mordants. — Another method of producing white or 
colored figures on a colored ground, referable to the discharge style of 
work, is by the removal of the mordant previous to the application of the 
coloring material. This method is particularly adapted to grounds of madder 
and logwood with an iron or aluminous mordant The. material used for the 
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diicharge of the nKNrdant is usually a mixture of tajrtaric aeid, oxalic add, . 
and lime-juice, the proportions of tne constituents heins varied according to 
the strength of the mordant to he discharged. The foUowing mixture mar 
be used for discharging the mordant from a piece of cloth impregnated with 
red liquor of spec. grav. 7*^ Twad. or weaker, or with iron liquor of spec. grar. 
2® Twad., or weaker ; 

1 gallon of lime-juice spec. grar. 6° tVad., 
3^ oances of oxalic acid, and 
4 ounces of tartaric acid. 

Thickened with pipe-clay and gam if for application by the block, or with British 
gam if by the roUer. 

Sometimes the proportion of tartaric and oxalic acids and the strength of the 
lime-juice are considerably reduced, and bisulphate of potash, oil ofyitrioi, and 
eream of tartar, are introduced instead. 

The ordinary operations practised on calico in this style of work to obtain a 
white ^gure are tne following : — 

1. The cloth is padded or printed with the solution of the Qiordant for the 
ground, and is immediately dried by being drawn either through the hot-flue 
or over steam boxes ; 

2. After a moderate ageing, the calico, without being washed, is imprinted' 
by the roller with the discharging paste, which inunediately dissolves the 
subsalt formed during the ageing ; 

3. The calico is next suspended for a day or two ina cool place, not very 
dry, and if the mordant is peroxide of iron, it is then passed through water 
heated to about 130^ Fahr. and rendered slightly alkaline by the addition of a 
small quantity of carbonate of soda ;* 

4. The cloth is afterward washed, dunged, and dyed, in the vegetable in* 
fusion ; after which it is bleared by soaping or branning and wincing in solu- 
tion of chloride of lime in the usual manner. Wherever the acid paste had 
been applied, the coloring material does not attach itself, in consequeuce of 
the removal of the mordant from those parts. 

It will be observed that this kind of discharge *work is very similar to the 
resist style, in which an acid paste is first imprinted on the cloth to prevent 
the attachment of a mordant subsequently applied to the whole surface of the 
cloth (see page 157) ; the only difference between the two styles consisting 
in tbe order of applying the acid and the mordant. The best whites are no 
doubt generally procured by the resist style ; as it is easier for an acid to pre- 
vent the attachment of a mordant in an insoluble form, than to dissolve it, 
when once precipitated. 

To procure a white design on a black ground, by the discharge of the mor- 
dant, the cloth may be treated in the following manner : — 

1. Pad or print the calico with a mixture of equal measures of iron liquor 
of spec. grav. &* Twad., and red liquor of 8® Twad., thickened with starch or 
British gum ; 

2. Dry over the steam boxes, age, and apply a discharger composed of tar- 
taric acid, sulphuric acid, and lime-juice, thickened with British gum ; 

3. Pass the cloth through warm water mixed with chalk ; 

4. Bye in decoction of logwood, mixed with a little bran and dtmg^; 

5. Wash, clear the white by branning, rinse and dry. 

The following method of producing white and blue figures on a purple or 
chocolate ground presents an example of the combination of such a style as the 
above with the indigo resist style : — 

1. The white calico is padded with red liquor ; 

2. After tbe cloth has been aged for a short time, the thickened acid dis- 
charger is applied by the cylinder to all the parts intended to be blue or white; 

3. After hanging for twenty-four hours, the calico is dunged, dyed in the 
madder-beck, and cleared by branning ; 

* The passing of the cloth through a dilute solution of carbonate of soda is sometimes omitted, 
particularly when alumina is the mordant, in which case a quantity of chalk is added to the dvnff' 
beek to neutralize the free acid in the discharger. 
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4. On the puis of the white spots whkh are intended to remam white, the 
flulphate of zinc resist for the iadigo-Tat, such as the mixture described at page 
160, is imprinted ; 

5u Ajfter the cl<^ is dried, it is dipped into the blue^rat and exposed to the 
air ; then waited at the dash-wheei, and dried. 

The wliite fipue is her^ produced through the discharge of the almninous 
BiordaBC by the acid, and by the acdon of the sulphate of zinc resist on the 
isdigo : the blue figure is produced by the indigo on die white spots to which 
the resist was not applied, and the purple or chocolate ground results from the 
nixture of the indigo with the madder red.* 

A discharger for one mordant is sometimes mixed with the solution of an- ' 
other mordant an which it exerts no action, so that the mordant in the dis- 
charfi^er becomes attached to the cloth, on the spots from which the previous 
morrant is removed. Thus, subacetate of iraa may be separated from a piece 
of calico, and alumina imparted in its place, by applying to the mordanted 
cloth a mixture of red liquor with protochloride of tin. In this manner, a red 
figure on a yiolet or lilac ground is sometimes produced, the cloth being first 
coyered with weak iron liquor, then dried, printed with the mixture of red 
liquor and protochloride of tin, dunged, dyed m the madder-beck, and cleared 
in the usual manner. To obtain a white figure as well as the red, the mor- 
danted cloth shoidd be also printed with lemon-juice, or with a mixture of 
lemon-juice and sudphuric acid. 

The use of a mixture of protochloride of tin and red liquor as a red resist 
for iron liquor, with the view of producing the same effect, iias before been 
adverted to (page 158). One of these two processes is almost always fol- 
lowed whenever a figure in nuidder red is required on a ground of madder 
purple or Uack. ^ i .^ 

In a few ingenious processes related to this kind of work,Tor producing colorea 
figiares on colored grounds, an acid solution of protochloride of tin is applied 
as a kind of discharger to a cloth dyed uniformly with peachwood, quercitron, 
or madder, by means of an iron mordant. a *^gt * 

By mutual decomposition, the protochloride of tin in the discharger aM me 
peroxide of iron on the cloth, give rise to chloride of iron and peroxide otj^^^ 
or rather, the oxide of tin intermediate between the protoxide and ?e'^f^?f 1 
The chloride of iron, being soluble, is removed by washing, but the i^so"JPV^ 
oxide of tin remains attached to the fibre, and combines with the c?J^\\^ 
principle previously united to the oxide of iron. This double decompo«i"« 
of oxSe of iron and protochloride of tin may be made subservient to the p ^ 
dttction of a red figure on a black ground. For this purpose the clotnw w^ 
covered with iron liquor, then dyed to a black m decoction of P«achwooa, ^^^ 
afterward printed with the acid solution of the protochlonde. J^J^^^^^^j^Y^ 
salt of tin 18 applied, the color of the cloth changes from black to red, inr «^^ 
the transference of the coloring principle of the V^'^^Z'^^.^^^J^^ Sotxn^ 
to oiide of tin. In a similar manner, a red figure may be ^^^^^ff * ^eacH- 

•of madder purple or lilac, and by subatitjiting ^^^^'^"^J^^^Z^J^^^ 
wood, a yeilow figure is produced on a drab ground. The iron liquor em pi y 

ed in these processes should not be stronger than 3° or 4 i waa, 

VI. etmtJL Bi«rft STTLE. 

Tl,e .tyle of caUco-printfaf by which the Cti« ««« j,» "^jfi^ 
wimieteiungmodification of the topicid style. Thweprmuaw^isun^^^ 
l>y haying blue figures, usuaUy of two or three different deptbs oi coior, 

ewted with white. 
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To produce each a pattern, the bleached calico is sabjected to the following 
operations : It is first printed, either by the block or cylinder, with a mixture 
of indigo, orpiment (sulphuret of arsenic), sulphate of iron or iron liquor, and 
gum or starch, and water ; the proportions of gum or starch and water being 
varied according to the depth of color required. After being printed, the 
calico is suspended in a dry atmosphere for a ds^ or two, and stretched in 
perpendicular folds on a rectangular wooden frame, suspended by pulleys and 
a rope from the ceiling of the apartment. The frame with the -cloth is then 
dipped in a certain order into the three following liquids : No. 1 , milk of 
lime ; No. 2, solution of copperas ; No. 3, solution of caustic soda. These 

* liquids are contained in three adjacent stone cisterns, the tops of which are 
on a level with the ground : the usual dimensions of the cisterns are, eight or 
nine feet in length, four feet in depth, and three feet in width. 

Into the vats No. 1 and No. 2, the calico is dipped several times alternately, 
with exposure to the air for a short time between each dip ; it is not dipped 
80 frequently into the vat No. 3, and the- dipninc^ in this always immediately 
follows No. 2. By these operations, the insoluble indigo-blue applied to the 
surface of the cloth becomes converted into indigotin, which is dissolved and 
transferred to the interior of the fibres, where it is precipitated in the original 
insoluble form. 

The chemical changes which takes place in these successive operations are 
rather complicated, but admit of *a satisfactory explanation. By the succes- 
sive immersions in milk of lime and solution of sulphate of iron, protoxide 
of iron comes to be precipitated on the surface of the cloth. This protoxide 
of iron, with the assistance of the lime, reacts on the indigo imprinted on 
the calico, converting it, through the intervention of water, into indigotin, 
which dissolves in the lime-water, and the solution is absorbed into the pores 
of the cloth. On ei^osure to the air, the indigotin absorbs oxygen, and inso- 
luble indigo-blue is deposited within the fibre in a fixed state. The protoxide 
of iron producedT in the subsequent alternate immersions into the sulphate of 
iron vat and into the lime-vat, acts only on the indigo which still remains on 

• the surface of .the calico, not having free access to the indigo within the fibre ; 
and as the alternate dippings are continued (up to a certain number), so the 
proportion of indigo on the surface diminishes, and that of the indigo within 
the fibre increases. 

The orpiment contained in the pigment printed on the cloth seems to act 
chiefly by increasing the density of the mixture, thus preventing its readj 
disintegration and removal bv the various liquids to which the cloth is 
exposed. It also assists, probaoly, in deoxidizing the indigo-blue in conjunc- 
tion with the lime. 

By these operations the whole surface of the cloth becomes impregnated with 
a considerable -quantity of oxide of iron, to remove which the cloth is plunged 
(being still on the frame) into a fourth similar cistern, containing sulphuric 
acid of about the spec. giav. 5° Twad. (1*025). It is afterward washed in 
clean water, and then again brightened in dilute sulphuric acid. Lastly, the 
clearing of the white ground is sometimes completed by exposing the cloth 
to warm soap-water. 

The following method of preparing the China blue mixture of difierent 
shades is described by M. ThiUaye, in his useful work on calico-printing.* 
The materials employed are, 

15f pounds of Indigo, in coarse powder, 

3f pounds of orpiment, 
22 pounds of copperas, and 

9| gallons of water, or water and gnm-water. 

The indigo, orpiment, copperas, and four gallons and a half of the water, 
are well ground together in a mill for three days ; the mass is then removed, 
and the mill is washed with a gallon of water which is added to the mixture. 
The remaining four gallons of water are afterward added ; but if a very thick 

* MaiMMl da fabiicant dlndieimes, Paria, 1834. 
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blue is required, as much strong gum-water is introduced instead. From this 
mixture, which may be called No. 1, several lighter shades are procured by 
diluting it with water or gum-water in the following order : — 
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To produce a small single blue figure, the mixture No. 5, thickened with 
starch, may be applied by the block, and No. 4, thickened with gum, by the 
roller. 

For two different blues, applied by the block, there may be used, 1^ the 
mixture No. 4, thickened with starch ; and 2°, No. 9, thickened with gum. 

For three different blues, applied by the block, there may be taken, 1®, the 
mixture No. 5, thickened with starch ; 2°, No. 7, thickened with starch ; and 
3**, No. 10, thickened with gum. 

The mixture described by M. Thillaye is not exactly the same as that com* 
monly employed in this country. Instead of copperas, the Lancashire printers 
generally use iron liquor, and "British gum instead of common gum ; they also 
take little more than half as much orpiment as is directed in the receipt of 
M. Thillaye. The following proportions of the materials will probably be 
found to form a convenient mixture : — 

16 poands of ground indigo, 
5 or 6 gfltUoQs of strong iron liquor, 
2 pounds of orpiment, and 
British gum and water sufficient to make 8 gallons. 

When required for use, this mixture, which contains two pounds of indigo 
to the gallon, may be diluted with water or gum-water m the order fol- 
lowing :— 

Quantity by measure of Quantity by measure Quantity of indigo m 

above mixture. of water or gum-water. 1 gallon of the mixtan. 

Af. or. 

2 

i 1 H 

i 1 8} 

1 ...1 

2 101 

3 8 

6 6J 

7 4 

9 aj 

12 2| 

16 , IJ 

The darkest of the two shades of blue in this style of printing is produced 
from a mixture containing one pound of indigo to the ffallon (as No. 4), and 
the lighter from a mixture containing three ounces of indigo to the gallon 
(No. 9). Both are thickened with two pounds of British gum per gallon, and 
are applied at once by the two-color machine. 

The milk of lime for dipping China blue prints may be prepared by mixing 
two hundred pounds of lime with a thousand gallons of water. When in 
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oeastant nse, the lime-yat requires to be replenished twice daily^ both widi 
lime and water. 

The strength of the solution of copperas is yaried from 3i Twad. (l-Ol?) 
to e° Twad. (1-030), it being regulated more by the quantity of the figure in 
the pattem than by the depth of color required. The kmd of copperas gen- 
erally preferred for this purpose is that technically known as " greca cop- 
peras," which contains a small quantity of free sulphuric acid. The supe- 
riority of this yariety of copperas merely consists in the comparatiye slow- 
ness with which it becomes peroxidized or " rusty" by exposure to the air. 
The copperas-yat does not require replenishing quite so frequently as the 
lime-yat, and the cistern need not be emptied for six months or longer. The 
bottom and sides of the cistern become lined with a dense crystalline deposive 
of oxide of iron and sulphate of lime, as hard as the cistern itself. 

The strength of the solution of caustic soda may yary from 6*» to 0» Twad- 
dell (1-030 to 1*045). It is made in the usual manner by carbonate of soda 
and quick-iime. 

The order of dipping the frame into the three cistems.is as follows : — 

1. Dip in the first yat (lime) for ten minutes. 
Drain for fiye minutes. 

2. Dip in the second yat (copperas) for ten minutes. 
Drain for fiye minutes. 

3. Dip in the first yat lor tea minutes. 
Drain for fiye minutes. 

4* Dip in the second yat for ten minutes. 

Drain for fiye minutes. 
5. Dip in the third yat (soda) for ten minutes. 

Drain for fiye minutes. 
d. Dip in the second yat for ten minutes. 

Drain for fiye minutes. 

7. Dip in the first yat for ten' minutes. 
Drain for ^re minutes. 

8. Dip in the second yat for ten minutes. 
Drain for fiye minutes. 

9. Dip in the first yat for ten minutes. 
^ Drain for fiye minutes. 

10. Dip in the second yat for ten minutes. 

Drain for fiye minutes. 
II < Dip in the third yat for ten minutes. 

Drain for fiye minutes. 

The addition of a small quantity of nitrate of lead to the Chma blue mix- 
ture, when iron liauor and not copperas is used, is said to impart considerable 
yiyacity to the color ; but I am not aware of its being usuaJ to make this 
addition, unless with a yiew of producing a green instead of a blue design, 
when the cloth, after haying been dipped as aboye and cleared in, dilute ral- 
phuric acid, is winced in a scJution of bichromate of potash in order to produce 
chrome-yellow. This is by no means an adyantageous process for obtaining 
a green figure in the China blue style, as the lime and soda yats are apt to^ 
become so highly charged with oxide of lead as to deposite that oxide on the 
white parts, which consequently become yellow when the cloth is exposed to 
the bichromate. A better method is to add red liquor and perchloride of tin 
to the China blue mixture, and to dip in the three yats in the usual manner ; 
after which the cloth is cleared in yery dilute sulphuric acid, dyed in decoc- 
tion of qjB«reitr<») mixed with size, cleared by branning, and lastly winced in 
a dilute solution of alum to brighten the green. 



Printing of Mousselin de Laines, SUJu, Chalisi ^e. — The fixation of coloring 
matters on fabrics of silk and wool is commonly efiected by the process of 
Btaaming^ No mineral coloring material, with the exception of PnunsA bliie» 



PRIN'nOKa OF FAEBilCS OF BILK AKD WOOL. 998 

is applied to these tissues ; nor is it usual to impart to them coloring moMen 
from infusions ofregetable or animal productions by the madder style,. ezoept 
in a few difficult processes of eilk printing. These fabrics were formeny 
printed entirely by the block,'but latterly the roller and the press-machine 
(paee 137) have t^een substituted. 

The color mixtures for de laines, which are formed of cotton and wool, 
should be of such a nature as to afford a uniform deposite of coloring matter 
on both the animal and vegetable fibre. These mixtures are sometimes com- 
posed of two distinct bases, one capable of attaching itself firmly to the 
wool, the ^other to the cotton. Thus, a preparation sometimes used for 
imparting a blue color to the laines, is a mixture of the steam blue for cotton 
(page 150) with indigo-paste or soluble blue (sulph-indigotate of potash) for 
the wool. In a particular kind of fancy dyeing, the woollen thread only is 
dyed, and the cotton is afterward perfectly bleached by exposing the dyed de 
laines to a dilute solution of bleaching powder. The cotton thread is some- 
times dyed of another color, either before or after the dyeing of the woollen 
thoread. Before being printed, de laines are always impregnated with peroxide 
of tin, from two dififerent solutions applied consecutively as already described 
(pa^e 107). The steaming of the prmted de laines, which is performed either 
fay me column or chamber, usually lasts about three quarters of an hour ; but 
l&e time varies according to the quantity of acid in the mixtures, and to the 
manner in which the steam is applied. With a considerable quantity of acid, 
the fibres become weakened if tne process is prolonged, and a shorter time 
is required with the column than with the chamber. 

In general, the only difference between the composition of the mixtures for 
steam colors for woollen goods and those for cotton goods (page 148), is that 
the former contain more free acid than the latter, or that the coloring matter 
is held in sdluticm more stronjg^ly in the former than in the latter. Whether 
the mordant is perchloride of tm, protochloride of tin, or alum, a considerable 
quantity of tartaric or oxalic acid is almost always introduced. The most 
vivid colors are generally obtained by protochloride of tin with either oxalic 
or tartaric acid. 

The brilliant steam-blue distinguished when on woollen goods as "rml 
blue," is formed through the decomposition of hydroferrocyanic acid, as before 
explained. The composition of the mixture prmted on the cloth is much the 
same as the steam blue for cotton (page 150), but is more concentrated, and 
perchloride of tin is introduced instead of alum. The solution of yellow pms- 
siate of potash, which should contain not less than three pounds of the pn»- 
siate in a gallon, is mixed with sufficient tartaric acid to precipitate the whole 
of its potash as bitartrate of potash (cream of tartar), which may be separated 
and employed in the preparation of tartaric acid. 

The best mixture for a steam scarlet for wooUen goods, is made of eochlaeal 
liquor, gall liquor, protochloride of tin, and oxalic acid. It may be thickened 
with gum, if for blotches or. grounds ; and with starch, if for small figufea. 
The ^t mordant for producing different shades of yellow with berry liquor ia 
« mixture of alum and Ted liquor; and with deeoction of quercitron ^Ml^ a 
mixture of red liquor and oxalic acid, or else alum akme. 

The only preliminary operations to w*hich silken doth intended- to 'be {rriBC- 
c€, is commonly subjected, are, 1®, boiling in a solution of soap and oaibonate 
df soda to remove the Vgum f 2 , passing through dilute sulphuric acid ; and 
8^, washing and drying. Some printers recommend the steeping of the silk ja 
-a solution of alum, aner it is taken otrt of sulphuric acid, nut this is by no 
means a common practice. The processes for printing and dyeing silks ac- 
cording to the madder style, are very similar to those for cottons ; the thickened 
moiflant is first applied-; thepieee is then dried, -aged fbra eonple of dBTB» 
"^nced in bran*water, d3^d in the hot vegetable decoction, "and beared by 'oe- 
ing winced in boiling bran-water, "bx some styles of work, the silk is nfVer- 
'wm soaped, impregnated -wii^ aadatioQ 6f tin, and» lastly, pa«Md thffoogh 
'.wv dilute sulphuric acid. 

IThe madder style of printmg and idyeing is talSier dlflicolt of execntioik^B 
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(dlken cloth, and is consequently not much practised on this variety of textile 
fahrics. The common method of ornamenting silk with different colored de- 
ngns is hy means of steam colors, a great variety of which ma^ he imparted 
of sufficient fixity to bear all ordinary exposure to deteriorating influences. 
With the exception of the preliminary operations previous^ to the application 
of the color-mixture, the treatment of silks in this style of work is the same as . ' 
that of cottons. 

A remarkable style of priming and dyeins is largely practised on silken and 
woollen goods, which possesses not the smallest resemblance to any one of the 
varied processes to which cotton goods are subjected. This is tne mandaf 
ining style, by which a yellow or orange color may be comnmnicated to the 
silk or wool oy exposing the stuff to the action of nitric acid. The color pro- 
ceeds from a peculiar substance formed through the decomposition by the acid 
of a portion of the fibre of the cloth itself. On the parts mtended to be pre- 
served white, the contact of the acid with the cloth is prevented by the appli- 
cation of a resist paste composed of resin and suet. 

Taking, in the first place, the simplest illustration of this style of work, that 
is, the production of a white design on an orange ground, the operations prac- 
tised on the cloth are the following : — 

The. silk, bavins been first cleaned from its resinous coating in the usual 
manner, is printed on the parts which are to remain white with the fatty re- 
sist of resin and suet. A quantity of this mixture is kept in a melted state 
near at hand, and a portion is occasionally laid over a piece of woollen cloth 
stretched on a frame which forms the top of a copper cnest. Steam is admit- 
ted into the chest by a pipe in order to preserve the resist in a liquid state. 
When the silk is ready to receive the. resist, the printer heats his block, takes 
up some of the resist from the frame, and applies it immediately to the silk 
by a light blow with the mallet. The block is instantly removed, to prevent 
itfrom adhering to the silk. 

When the printing of the whole piece is completed, the silk is passed 
through dilute nitric acid, obtained by adding from one to two parts of water 
to one part of aquafortis of commerce : the acid is heated as hi^^h as possible 
without endangering the solidity of the resist paste, the melting or which 
would evidently be attended with serious inconveniences. The silk should 
not remain in the acid longer than one minute. 

The nitric acid is contained in a sandstone or an earthenware trough, which 
is placed within a copper or wooden box to serve as a water-bath : the heat 
applied is that of steam. A reel is placed on each side of the trough to guide 
the silk as it enters and leaves the acid. 

On being ^withdrawn from the acid, the silk is immediately washed in a 
stream of cold water ; after which, the resist is cleared away, and the orange 
briffhtened by wincinff the silk in boiling soap-water to which a little soda is 
added. The piece is lastly washed in cold and hot water successively, and 
dried. 

Such is the method of obtaining a white figure on an orange ground. Colored 
figures are obtained in this style of work by a variety of ingenious and 
elegant processes, applicable,, like that just described, to chalis as well as 
(dlks. One or two examples will suffice as illustrations. 

White and blue figures on an orange ground may be procured in the follow- 
ing manner : The piece is first printed with the resinous resist^ to preserve 
the parts which are to remain white from contact with the acid. It is next 
dyea blue in the indigo-vat in the ordinary manner, washed and dried, and the 
resist is then printed on those parts whicn are to remain blue. The next pro- 
cess is the mandarininff or passing; through the nitric acid ; by which the in* 
digo is destroyed on all parts of the doth except where the resist is applied, 
the cloth thus acquiring a ground of orange. The piece is lastly washed, and 
the orange brightened by a boil in soap-water with a little alkali. 

An orange ground having been applied tp the cloth by such a process as the 
preceding, the color of the ^ound may be afterward modified or completely 
altered by dipping the cloth m some dyeing liquid, the figures being still pro- 
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tected, if necessary, by the resinous resist. For example, a design in white 
> and blue figures on a green ground may be imparted to a chaLi by simply dip- 
ping the piece, after haying been treated as aboye for blue and white fif^res 
on an orange ground, in the blue-yat, preyious to the remoyal of the resinous 
resist from the blue and white figures. White, blue, and orange figures on a 
green ground may be obtained by imptinting the resinous resist on the silk or 
chali after the mandarining process, and before the second inmiersion in the 
.blue-yat. 

An orange fi^re on a blue ground is sometimes produced by printing the 
nitric acid thicEenecT with British-gum upon the cloth preyiously dyed in the 
blue-yat. The piece is afterward exposed to the action of steam, and is lastly 
boiled in soap-water to brighten the orange. 



Superficial as the preceding account of calico-printing processes may and 
must appear to those who are acquainted, both practically and theoretically/ 
with all the details of this beautiful art, it will probably be found sufficiently 
minute and exact to substantiate the claim of calico-prmting to be considered 
not only one of the most important, but the most ingenious and refined of all 
the chemical arts. From the great yariety of processes and of materials em- 
I>loyed, almost eyery principle in theoretical chemistry receiyes an applica- 
tion or illustration in some one or other of the operations of the calico-pnnter. 
It has thus happened thaX seyeral interesting discoyeries in theoretical chem- 
istry, made in the experimental laboratory^ haye actually been anticipated by 
the printer, from obseryations made in the print-works and dye-house. 
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COMPLETE WORKS OF MR. RICHARD HOOKER; 

WITH AN ACCOUNT OF HIS LIFE AND DEAXH. 

BT ISAAO WALTON. 

ABKAROXD BT THB «■▼. JTOHIT KBBI.B, Mr A. 

Jii two tUgtaU oetaoo voUtmea.— Price ^ 00. 

CONTENTS. 

The Editor'f Pre&ce compriiei a nneral lanrey of the former edition of H<MAet% 
Worki, with Historical Illastiationj m the period. After which, followi the Lift of 
Hooker, by Inaac Walton. Those articles occupy nearW two-fifths of the first Tolaine of 
the English edition. His chief work succeeds, on the ** Laws of Ecclesiastical Polity.'* 

It commences with a lengthened Fieface designed as an Address '* to them who seek tiw 
Reformation of the Laws and Orders Ecclesiastical of the Church of England." 

The discussion is divided into eight books, which include an investigation of the topiei 
thus stated. 

1. Laws and their several kinds in general. 

S. The use of the divine law contained In Scripture ; whether that be the only hw 
which ought to serve for our direction in all things without exception ; or whether S c c iptBW 
is the only rule of all things, which, in this life, may be done by men. 

3. Laws concerning Ecclesiastical Polity, whether the form thereof be in Scripture n 
set down that no addition or change is lawful : or whether, in Scripture, there most bs 
of necessity contained a form of church polity, the laws whereof may in no wise be altered. 

4. General exceptions taken against the laws of our polity, as being popish, and ImtiUIh^ 
out of certain refoimed churches; or the assertion, that our form of church polity is ear 
ranted wiUi popish orders, rites, and ceremonies, banished out of certain reformed choidM^ 
whose example therein we ought tu have followed. 

5. The fifth book occupies two-fifths of the whole work, subdivided into eigh^-OM 
chapters, including all the principal topics which, in the sixteenth century, were the snb- 
jects of polemical disputation between the members of the Established Church of Engiial 
and the Puritans. The character and extent of the research can accurately be imdef- 
stood from this general delineation. Our laws that concern the public religions datiei 
of the church, and the manner of bestowing that Order, which enableth men, in sundry 
degrees and callings, to execute the same ; or the assertion that touching the several do* 
ties of the Christian religion, there is amonr us much superstition retained in them ; sod 
concerning persons who, for performance of those duties, are endued with the power of 
ecclesiastical order, and laws and proceedings according thereunto, are many ways herein 
»Uo corrupt. 

6. The Power of Jurisdiction, which the Reformed platform claimeth unto lay-eUen, 
with others ; or the assertion, that our laws are corrupt and repugnant to the laws of God, 
in matters belonging to the power of ecclesiastical jurisdiction, in that we have not, 
throughout all churches, certain lay- elders established or the exercise of that power. 

7. The Power of Jurisdiction, and the honour which is annexed thereunto in Bishops, oc 
the assertion, that there ought not to be in the Church, Bishops endued with such aatbority 
tad honour as ours are. 

8. The power of ecclesiastical dominion, or supreme aathoiity, which with oa, the Udh 
est governor or prince hath, as well in regard of domestical jurisdiction^ as of that othnlb- 
reignly claimed by the Bishop of Rome : or the assertion, that to no civrl prince or gv^mutt 
there may be eiven such power of ecclesiastical dominion, as by the laws of the land bs* 
longeth unto the supreme regent thereof. 

After those eight Books of " The Laws of Ecclesiastical Polity," follow two Sennani, 
"The certaintv and perpetuity of Faith in the elect; especially of the Prophet Habakkok^ 
fiuth ;'* and " Justification, Works, and how the foundation of faith is overthrown.'* 

Next are introduced — ^''A supplication made to the Council by Master Walter Tn* 
vers," — and '* Mi. Hooker^s answer to the supplication that Mr. Travers made to the cooneiL'' 

Then follow two sermons — " On the nature of pride,*'— and a " Remedy ajfainst sonov 
and fear." 

Two Sermons on part of the epistle of the Apostle Jude, are next inserted — with a pnft- 
torydedication. by Henry Jackson. 

The last article in the works of Mr. Hooker is, a Sermon on Prayer. 

To render the work more valuable and adapted for reference and utility to the StadBBt|t 
very copious Topical Index is added. 

The English edition in three volumes sells at $10 00. The American is an exact npciili 
at less than half the price. 

From Lowndes* British [Abrariqn and Book^Colleetor*s Guide, 

" Keble*s preface, like Walton's life, should precede every subsequent edition. 
** Hooker is univenially distinguished for long drawn melody and mellifluenee of km- 
goage, and his works must find a place in every well chosen clerical library." 
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BURNET'S HISTORY OF THE REFORMATION. 

The History of the Reformation of the Church of England, by Gilbert 
Burnet, D. D., late Lord Bishop of Salisbury — with the Collection of 
Records and a copious Index, revised and corrected, with additional 
Notes and a Preface, by the Rev. E. Nares, D. D., late Professor of 
Modern History in the University of Oxford. Illustrated with a Front- 
ispiece and twenty-three engraved Portraits, forming four elegant 8vo. 
vols. $8 00. 

A cheap Edition is printed, containing the History in three vols, with- 
out the Records — which form the fourth volume of the above. — Price, 
in boards, $2 50. 

To the student either of civil or religioas history no epoch can be of more importance 
than that of the Reformation in Enrfand. It signahzed the overthrow, in one of its strong- 
est holds, of the Roman power, and gave an impulse to the human mind, the full results of 
which are even now but partly realized. Almost all freedom of inquiry— all toleration in 
matters of religion, had its birth-hour then j and without a familiar acquaintance with aUitg 
principal events, but little progiess can be made in understanding the nature and ultimate 
tendencies of the revolution then effected. , , . - , 

The History of Bishop Burnst is one of the most celebrated and by far the most fre- 
quently quoted of any that has been written of this great event. Upon the original publi- 
cation of the first volume, it was received in Great Britain with the loudest and most extra- 
vagant encomiums. The author received the thanks of both Houses of Parliament, and was 
requested by them to continue the woik. In continuing it he had the assistance of the most 
learned and eminent divines of his time j and he confesses his indebtedness for important aid 
to Llotd, T1U.0TSOW, and Stiixinqflbbt, three of the greatest of England's Bishops. 
" I know," says he, in his Preface to the second volume, ** that nothing can more effectually 
recommend this work, than to say that it passed with their hearty approbation, after they had 
examined it with that care which their great zeal for the cause concerned in it, and their 
goodness to the author and freedom with him, obliged them to use.'» 

The present edition of this ffreat work has been edited with laborious care by Dr. Nares, 
who professes to have corrected important errors into which the author fell, and to have 
made such improvements in the order of the work as will render it far more useful to the 
reader or historical student. Preliminary explanations, full and sufScient to the clear under- 



standing of the author, are given, and marginal references are made throughout the book^ so 
as ereatly to facilitate and render accurate its consultation. The v hole is published in four 




ologian's libiary— and will, by no means, we trust, be confined to that comparatively lunited 
sphere.— JV. Y. Tribwne. 

BURNET ON THE XXXIX. ARTICLES. 

An Exposition of the Thirty-nine Articles of the Church of England. 
By Gilbert Burnet, D. D., late Bishop of Salisbury. With an Ap- 
pendix, containing the Augsburg Confession, Creed of Pope Pius IV., 
Sbc Revised and corrected, with copious Notes and additional Refer- 
ences, by the Rev. James R. Page, A. M., of Queen's College, Cam- 
bridge. In one handsome 8vo. volume. $2 00. 

" No Churchman, no Theologian, can stand in need of information as to the character or 
value of Bishop Burnet's Exposition, which long since took its fitUng place as one of the 
acknowledged and admired standards of the Church. It is only needful that we speak of 
the labours of the editor of the present edition, and these appear to blend a fitting modesty 
with eminent industry and judgment. Thus, while Mr. Pa^ has carefully verified, and in 
manv instances corrected and enlarged the references to the Fathers, Councils, and other au- 
thorities and greatly multiplied the Scripture citations— for the Bishop seems in many 
cues to We forgotten that his readers would not all be as famiUar with the Sacred Text as 
himself, and might not as readily find a passage even when they knew it exisled-he (Mr. 
P ^ has scrupulously left the text untouched, and added whatever illustrauve matter he has 
been able to gather in the form of Notes and an Appendix. The documents coUected in tht 
latter are of great and abiding value." 

o 
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PAROCHIAL SERMONS. 

BY JOHN HENRY NEWMAN, B. D. 

Fellow of Oriel College and Vicar of St. Mary the Virgin's, Oxford. The 
6 vols. London edition, complete in two elegant 8fo. vols, of upwards 
of 600 pages each. $5 00. 

a^ Mr. Newman'i Sermons have probably attained a higher character than any othen 
eyerpnblished in thia country. The following are a few of the recommendatory notices of 
the press, received by the publishers : — 

" It would be rather late now to praise sermons whose reputation is so well established as 
those of Mr. Newman ; and it would be unpardonable vanity to suppose that any thine we 
might say could add to the very high commendations they have received from some of oar 
ftiffht Reverend fathers in God. We quoted last week the strong language of the Bishop of 
Maryland : the Bishop of New York says, *' for simplicity and godly sincerity, for humble 
and child-like reliance on the word of God, and for close, pointed, and uncoratpromisingpre- 
ienUtion of the tiuths and duties of the gospel, I know not their superiors.^ The Bisiiop 
of New Jersey thus speaks of them, in a letter to the publishers i " I have looked and longed 
for an edition of these sermons, as your noblest contributions to the sacred literature of the 
tones. Mr. Newman's Sermons are of an order by themselves. There is a naturalness, a 
pressure towards the point proposed, an ever salient freshness about them, which will at- 
tract a class of recuiers to whom sermons are not ordinarily attractive:'* — and the Bishop of 
North Carolina writes, *'I do not hesitate to sav,— after a constant use of them in my closet, 
and an observation of their eflfect upon some of my friends, for the last six years, — that they 
are among the very best practical sermons in the English language ; that while they are free 
Horn those extravagances of opinion usualljr ascribed to the author of the 90th Tract, they 
assert in the strongest manner the true doctrines of the Reformation in England, and enibiee 
with peculiar solemnity and effect that holiness of life, with the means thereto, so eharao- 
teristic of the Fathers of that trying aij^e." - ._ , ^ ..... 

The sermons are 155 in number, being an exact reprmt of the London edition in au 
▼olomes.— 'JJ^anner ^ the Crmt. 

" Of Mr. Newman's Sermons it may be safely said, that they are adapted to the heaetting 
fins of the age ; that the author traces them with a masterly hand to the most secret springs 
of intellectual pride ; and that he explains and enforces the great principles and duties of 
Evangelical holiness, with a grace and simplicity of style, and unction of manner, which are 
seldom suriiassed. We therefore heartily commend his Sermons to our readers, andeani- 
estly hope they may fihd their way into every family."— rA« Ckurekman, 

« As a compendium of Christian duty, these Sermons will be read by people of all denomi- 
nations. As models of style, they will be valued by writers in every department of liteia 
ture."— l7ntt«<Z States OaitUe, 

" These Sermons must eventually be received and quoted as among the Standard Theo- 
logical Writmgi of this century, and that, too, within the time of this generation."— i>feiL 
SaL Post, 

<^ They bear the marks of an original and highly catholic mind, and many of them brMthe 
a deep devotional spirit.— dSitoity Jirgus. 

SERMONS 

BEARING ON SUBJECTS OF THE DAY. 

BY JOHN HENRY NEWMAN, B. 1>. 

One elegant volume, 12mo. Price $1 00. 

This volume contains ttovnty-six Sermons, which are thus entitled :— Work of the Ghiis- 
tian.— Sainlliness not forfeited by the Penitent.-Oor Lord's last Supper and his firsW- 
Daneers to the Penitent.— The Throe Offices of Christ.— Faith and Experience.— Faith and 
the World.— The Church and the World.— Indulgence in religious privileges.- -ConnezioB 
between personal and public improvement.— Christian Nobleness.— Joshua a typo of Christ 
and his followers.— Elisha a type of Christ and his followers.— The Chrwtian Church a oo^ 
tinnation of the Jewish.-The Principle of continuity between the Jewish and Christian 
Chorehes,— The Christian Church an imperial power.— Sanctity the tokeii of the ChristitB 
empire.— Condition of the Members of the Christian Empire.- The Apostolical ChnstiM^- 
Wisdomand Innocence.— Invisible presence of Christ— Outward and inward Notes of ^ 
Church.— Grounds for stedfastness in our religious profession.— Blijafa the prophet of the 
latter days.— Feasting in caotivity.— The parting of friends. 
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SERMONS 

PRE^OHED AT CLAPHAM AND aLASBUBT. 

BT THE REV. CHARLES BRADLEY, A. M. 

T\do volumes of English edition in one. Price ^1 50- 

The Sermons of this Divine are mach admired for their plain, yet chaste and elegant 
style } they will be found admirably adapted for family reading and preaching, where no pastor 
is located. Recommendations misfht be given, if space would admit, from several of our 
Bishops and Clergy — also from Ministers of various denominations. 

The following are a few of the English critical opinions of their merit : — 

** Bradley's Discourses are judicious and practical, 'scriptural and devout."— jI^owuIm'* 
Britisk Librariam, 

* ' Very able and judicious." — Rev. K Biekergteth, 

" Bradley's style is sententious, pithy^ and colloquial. He is simple without hein^ quaint : 
and he almost holds conversation with his hearers, without descending from the dignity ot 
the sacred chair." — EelecUe Reoieto 

'* We earnestly desire that every pulpit in the kingdom may ever be the vehicle of diir 
coones aa judicious and practical, as scriptuial and devout as these." — Christian Observer* 

HARE'S PAROCHIAL SERMONS. 

Sermons to a Country Congregation. By Augustus William Hare, A. M.^ 
late Fellow of New College, and Rector of Alton Barnes. One vol- 
ume, royal 8vo. ^ 25. 

*' Any one who can be pleased with delicacy of thought expressed in the most simple 
language — any one who can feel the charm of finding practical duties elucidated and enforced 
by apt and varied illustrations — will be delighted with this volume, which presents us with 
the workings of a pious and highly-gifted mind." — Quarterlff Reoieio, 

THE CHRISTIAN INSTRUCTED 

In the Ways of the Gospel and the Church, in a series of Discourses de- 
livered at St. James' Church, Goshen, New York. By the Rev. J. A. 
Spencer, A. M., late Rector. One elegant vol. 12mo. ^1 00. 

This is the first volume of Sermons by an American Divine which has appeared for some 
VMn. Their style is characterized by clearness, directness, and force— and they combine, 
la a happy degree, solid good sense and animation. The great truths of the gospel are pre* 
seated in a familiar and plain manner, as the church catholic has always hem them, and as 
theyare held by the reformed branches in England and America. 

The Intioduction contains a biief view of the origin, use, and advantages of the various 
foetivals and fasts of the Church ; and to the sermons are appended notes from the writinn 
uf Hooker, Barrow, Taylor, Peaison, Chillineworth, Leslie, Horsley, Hobartjand other stand- 
ard divines, illustrating and enforcing the doctrines contained in them. The book is w^ 
tdaptad to the piesent distracted state of the public mind, to lead the honest inquirer to a 
iuU knowledge of the truth as it is in Jesus, and to give a correct view of the position occupied 
by the Church. 

The following is the copy of a letter of recommendation, by the Bi^t Rev. BUhop 
Q]i4etdoDk,of the Diocese or New York : — 

" Having gieat confidence in the qualifications of the Rev. Jesse A. Spencer for pastoral 
initruction in the Church of God, from a personal acquaintance with him as an alumnus of 
the General Theological Seminary of the Piotestant Episcopal Church, and as a Deacon and 
Presbyter of my Diocese, it gives roe pleasure to learn, that in his present physical inability 
to discbarge the active duties of the ministry, he purposes publishing a select number of hu 
sermons. Nothing doubting that they will be found instructive and edifying to those who 
sincerely desire to grow in the knowlndge and practice of the gospel^ f commend them to 
the pationa^e of the Uiocese ; and this ihe more earnestly, as their publication may be hoped 
to be a source of temporal comfi>rt and support to a very worthy seivant of the altar, afllieted, 
at an early period of his ministry, with loss of bodily power to be devoted to its faaetions.'* 
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PALMER'S TREATISE ON THE CHURCH. 

A Treatise on the Church of Christ. Designed chiefly for the use of 
Students in Theology. By the Rev. William Palmer, M. A., of Wor- 
cester College, Oxford. Edited with Notes, by the Right Rev. W. R. 
Wbittingham, D. D., Bishop of the Protestant Episcopal Church in the 
Diocese of Maryland. Two vols. 8vo., handsomely printed on fine pa- 
per. $5 00. 

" The treatise of Mr. Palmer is the best exposition and vindication of Charch Prtncipkt 
that we have ever read ; excelling contemporaneous treatises in depth of learning and solid- 
ity of judgment, as much as it excels older treatises on the like subjects, in adaptation to 
the wants and habits of the age. Of its influence in England, where it has passed through 
two editions, we have not the means to form an opinion ; but we believe that in this coon- 
try it has already, even before its reprint, done more to restore the sound tone of CathoUe 
principles and feeling than any other one work of the age. The author's learning, and 
powers of combination and nrransement, great as they obviously are, are less remarkable 
than the sterling good sense, the vigorous and solid judgment, which is everywhere 
manifest in the treatise, and confers on it its distinctive excellence. The style of the 
author is distinguished for dignity and masculine energy, while his tone is everywhere nat- 
ural ; on proper occasions, reverential ; and always, so rar as we remember, sufficiently cod- 
ciliatory. 

^' To our clergy and intelligent laity who desire to see the Church jnstly discriminated 
from Romanists on the one hand, and dissenting denominations on the other, we earnestly 
commend Palmer's Treatise on the Church."— JV*. F. Chwdiman, 

**This able, elaborate, and learned vindication of the claim of the Protestant Epiaoopd 
Church, to be considered the true Catholic Church, and the exposure which is here made of 
the grounds of difference between it and the Romish Church, and of the baseless pretensions 
of that Church to be the * one Holy Catholic, and Apostolic Church,' will assuredly comnMnd 
these volumes to the favor of Churchmen."— JV*. T. Anuriean, 

ECCLE8IA8TES ANGLtCANUS; 

Bsiiro 

A TREATISE ON PREACHING 

In a Series of Letters by the Rev. W. Greslet, M. A. Revised, with 
Supplementary Notes, by the Rev. Benjamin I. Haight, M. A., Rector 
of All Saints' Church, New York. In one handsomely printed volume, 
i2mo. Price $1 25. 

Jidvertisement — In preparing the American edition of Mr. Gresley 's valuable Treatise, a few 
foot notes have been added by the editor, which are distinguished by brackets. The moie 
extended notes at the end have been selected from the best works on the subject — and wfaiek, 
with one or two exceptions, are not easily accessible to the American Student. 

HEADS OF CONTENTS. 

Letter 1. Introductory. Part I. Oir thb matter op a. Skrmoit. Letter IL T%s 
end or object of Preachins. III. The principal topics of the Preacher. IV. and V. How 
to gain the Confidence of the hearers— First, By showing goodness of character. VL 
Secondly, By showing a friendly disposition towards them. VII. Thirdly, By abowinf 
ability to instruct them. VIII. On Arguments— those derivable from Scripture. IX. Oo 
Arguments. X. On Illustration. XI. How to move the passions or feelinse — First, By 
indirect means. XII. Secondly, By direct means. Part II. Oif Sttlb. XIII. On Styls 
— ^general remaiks. XIV. Perspicuity, Foice, and Elegance. XV. to XVIII. On Style, w 
dependent on the choice, number, and arrangement of words. XIX. The ConneetiTes. 
Part III. On thb Mbthod of Composiito. XX. On the Choice of a SubjecL XXI. 
On Collecting Materials. XXII. What Materials and Topics should generally be thrown 
aside. XXIII. On the Method of Composing. XXIV. On the Exordium. XXV. On Dis- 
cussion — Lectures. XXVI. On Discussion — Text-Sermons. XXVII. On Disensaiaii— 
Subject-Sermons. XXVIII. On Application. XXIX On the Conclusion. Part IV. Or 
Dblivert. XXX. Management of the Voice. XXXI. Eainestness and Feeling. XXXIL 
(Sesture and Expression. XXXIII. Extemporaneous Preaching. SurPLBMBiTTART Notxs. 
A. — Matter of Preaching. B.— Sermons to be plain. C. — Texts. D. — Unity. E. — ^Bxposi- 
tory Preaching. F. — Written and Extemporary Sermons. 
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THE KINGDOM OF CHRIST; 

OK 

MBmi§ Mtegpeeling the JPrimeipteM^ CMuiiimUem^ mmd Ordiammttg, 

or THB 

CATHOLIC CHURCH. 

BT FRXDERICK DSNI80N MA.URICE, M. A*, 

Chaplain iff Qv.y*8 Hospital^ Prqfenor of JE^^xA Uteratwrt and Butary. King's ColUg$, 
London, In one elegant oetaoo volume of 6(W pageSf vntfom m atgle wk Jfo»man*9 iwr- 
monOf Palmer on the ChMrehf S[c 92 50. 

The following brief table of contents illustrates the more important topics treated on in this 

very able work. 

Part I. On the Prinej^les qftke Quakers, and of ihe dUfferetd, religunu bodies wHeh JUme 
arisen since tke Rrformation, and tf the systems to tohieh they have given birth, Chaptbk L 
— QUAKGRISM. On the positive doctrines of the Quakers — ordinary objections to these 
Doctrines. The duaker System — Practical Workings of the duaker System. Chaptbk 
IL— PURE PROTESTANTISM. The leading Principles of the Reformation— ObjecUons 
to the Principles of the Reformation Considered — Protestant Systems— The Practical Work- 
ings of the Protestont Systems. Chaptbr ill.— UNTTARIANISM— its History and Ob- 
ject Illttstiated. Chaptsr IV. — On the TBirDSifcr or thb Rblioious, Philosophical, 
AMD Political. Movbmbnts which havb taxbit placb in Protbstaht Bodibs sincb 
THB MiDDLB OP THB LAST Cbbtukt. The Religioos Movements, Philosophical Move- 
ments, Political Movements. . 

Part II. Cfthe CathoUe Church and the Romish System, Chaptbr I — Recapitulatior 
Chaptbr II. — Indicatioits op a Spiritual ConsTiTOTioif. Chapter III. — The Scrip- 
tural view of this Constitution. Chapter IV. — Signs of a Spiritual Society — Baptism — 
The Creeds — Forms of Worship— The Eucharist— The Ministry — the Scriptuies. Chapter 
v.— Of the Relation of the Church and National Bodies— Introductory— Objections of the 
doakers- The Pure Theocratist— The Separatist— The PaUician— The Modern Statesman 
— The Modern Interpreter of Prophecy. 

Part III. 7%« EngUsh Ckureh and the Systems which IKvide tU Chapter I. — Intro- 
ductorv — How far this Subject is connected with those previously Discussed. Do the Signe 
of a Universal and Spiritual Constitution exist in Enplaod ? Does the Universal Church in 
IBngland exist apart from its Civil Institutions in Union with them ? What is the form of 
Character which belongs especially to Englishmen ? To what depravation is it liable ? 
Chapter II.— 7^ English Systems, The Liberal System— The Evangelical System— 
The High Church or Catholic System. Reflections on the Systems, and on our poaition 
generally. 

Mr. Maurice's work is eminently fitted to engage the attention and meet the wants of all 
interested in the several movements that are now taking place in the religious community ; 
it takes up the pietensions |^nerally of the several Protestant denominations and of the Ro- 
manists, so as to commend itself in the growing interest in the controversy between the lat- 
ter and their opponents. The political portion of the work contains much that is attractive 
to a thoughtful man, of any or of no religious persuasion, in reference to the existing and 
poesible nitore state of our countrv. 

** On Uie theory of the Church of Christ, all should consult the work of Mr. Maurice, 
the most philosophical writer of the day.'*—jPr<{/e««<»r Churbett's BampUm Le€tnreSf 1843. 

PEARSON ON THE CREED. 

An Exposition of the Creed, by John Pearson, D. D.,late Bishop of Ches- 
ter. With an Appendix, containing the principal Greek and Latin 
Creeds. Revised and corrected by the Rev. W. S. Dobson, M. A., Pe- 
terhouse, Cambridge. In one handsome 8yo. volume. if2 00. 

ThefoUoteing may be stated as the advantages of this edition over all others. 
First — Great care has been taken to correct the numerous enors in the references to the 
texts of Scripture which had crept in by reason of the repeated editions through which thia 
admirable work has passed ; and many references, as will be seen on turning to the Index of 
Texts, have been added. 

Secondly — The Quotations in the Notes have been almost oniversally identified and the 
reference to them adjoined. f 

Liastly — The principal Symbola or Creeds, of which the particnlar Articles have been 
dted by the Author, have been annexed ; and wherever the original writers have given the 
Bymbola in a scattered and disjointed manner, the detached parts have been brought into a 
successive and connected point of view. These have been added in Chronological order In 
the fbim of an Appendix. — FldeEdHor. 
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CHURCHMAN'S LIBRARY. 




The following works have alreadj appeared :— • 

THE UNrTY OF THE CHURCH. 

BY THE REV. HENRY EDWARD MANNING, M. A., 

Archdeacon of Chichester. Complete in one elegant Yolume, 16mo. Price 
$1 00. 

OOHTSRTt. 

Ftot t. Thx HitTOBT AND ExPotiTioif ov TRB DocTKiiri OF Catholic Uhitt. 
Chap. L The Antiqnity of the Article, "I belioTe in the Holy Charch." II. The Inter- 
nretation of the Article, " The Holy Church," as taught by uninspired writers. III. The 
Unity of the Church as taught in Holy Scripture. IV. The Form and Matter of Unity. 
Conclusion to the first part. 

Part II. Thb Moral DEsiaif or Catholic Uivitt. Chap. I. The Moral Design of the 
Church as shown by Hoi? Scripture. II. The Unity of tiie Church a means to restore tlie 
true Knowledge of God. III. The Unity of the Church a Means to restore Man to the 
Image of Ged. IV. The Unity of the Church a Probation of the Faith and Will of Han. 
Conclnsh>n to the second part. 

Part III. The Doctriivb or Catholic Unitt applibd to thb Actual Statb of 
Crbistbitdoic. Chap. I. The Unity of the Church the only Retealed way of Saly^on.. 
II. The Loss of Objective Unity. III. TheLossofSubjectiTo Unity. General Conclusion 

'* This is a profound and eloquent treatise on a most interesting snbiect-— one that has of 
late received peculiar attention^and at piesent ezeicises the minds of thoughtful Christians, 
peibaps more than any other. Thousands are beginning to be convinced that the only tme 
and real bond of concoid is the kingdom of Christ, and to inquiie anxiously into the meaa- 
ing of that article of the Creed — " ibelieve ons Catholic and Apostolic Church." All such 
wul tead with avidity the admirable treatise which has been so favourably received in 
England, and whose republication in such beautiful style entitles Messrs. Appleton to the 
thanlu of American Churchmen. Archdeacon Manning is well known by other theologieal 
works : but his Unity of the Church is the most matured and celebrated production « his 
pen, and it has placed him high in the rank of Anglican divines." — Banner qfthe Ghwsi 

THE DOUBLE WITNESS OF THE CHURCH. 

By the Rev. Wm. Ingraham Kip, author of " Lenten Fast." One ele- 
gant volume, 16mo., of 415 pages. Price $1 25. 

CoiTTBNTs. — I. Introductory. Necessity for Knowing the reasons why we are Churcb* 

- ~ IV. 

The 
lar Ob- 
jections to the Churcd. IX. The Church in all ages the Keeper of the Truth. X. Con- 
elusion. The Catholic Churchman. 

" This is a sound, clear, and able production— a book much wanted for these timM, and 
one that we feel persuaded will prove eminently useful. It is a happy delineation <^ that 
DOUBLB WITNESS which the Church bears against Romanism and ultra-Protestantism, and 
points out her middle path as the only one of truth and safety."— jBoniwr of the Cross. 

** Here we have another valuable and learned contribution, though in a populai form 
withal, to thfological literature, and presented in Appleton's best manner. 

" The Rev. Mr. Kip has embodied in this volume, and somewhat expanded and tlluatimted 
with notes, a series of lectures which he delivered to his congregation in Albany, last 
winter, on * The Distinctive Principles of the Church.' These lectures, as we learn from the 
preface, were delivered * at a season of strange excitement amon^ different denomin)ations,* 
and designed as a safegnaid to his own people against the injurious influence ot such ex- 
citement."— JV. F. .^««rifian. , . . . 

** This volume deserves a conspicuous place among the numerous publications wfaiehtlie 
discussion of Church Principles has called out. The author has a considerable power of 
illustration, and has presented some points in a very striking light. His Lectures on the 
Antiquities and Forms of Prayer, and the History of our Liturgy, are exceedingly valuaUa." 
—CSuristian Witness and Jidvocate, 
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OHUBOBMAICS TiTBB ABY.— Oontfamad. 

CTj^e ^ftutt^taajien ^tompmiitu in t^t itloutt : 

OR, A COMPLETE 

MANUAL OF PRIVATE DEVOTIONS: 

Collected from the writings of Archbishop Laud, Bishop Andrews, Bishop 
Ken, Dr. Hickes, Mr. Kettle well, Mr. Spinckes, and other eminent 
OLD English diyines. With a Preface by the Rev. Mr. Spinckes. 
Edited by Francis E.Paget, M. A. One elegant To]ame,16mo. $100 

The pious reader will require no more recommendation of this volume than that which ho 

win find in its title-pace. A Manual of Prayers compiled from the devotional writings of 

Ijaod and Andrews, Ken and Hickes, Kettlewell and Spinckes, cannot be otherwise than 

acceptable to all who lore those principles which the^ unanimously taught, and for the 

maintaining of which, (with the exception of the good Bishop of Wintor, whose lot was cast 

in tranquil timeit,) they suiTered according to the measure which God reouired of each ; to all 

«rho would fain follow them in the paths of self-denial, spiritnal-mindeaness. meekness, and 

obedience. And that this book has been to past generations what it is hoped it may like- 

'Wise be to our own, is evident from the fact that it is one of the few of the devotional works 

of the seventeenth century, which continued to be in constant demand during the eighteenth. 

Its value was appreciated, and it continued to be reprinted fr<Mn time to time to the middle 

of the laat century ; and it is presented to the public once more, with the anxious desire 

that as it found favour to the last, while Church principles were declining, so it may prove 

acceptable to the many, who (blessed be God) seem now to be zealously and faithfulfv seek- 

log their way hack to the " old paths" from which we have wandered. — EditorU Prtfaee, 

THE PRACTICAL CHRISTIAN: 

Or, the Devout Penitent ; a Book of Devotion, containing the Whole 
Duty of a Christian in all occasions and necessities, fitted to the main 
use of a holy life, by R. Sherlock, D. D. ; with a Life of the Author, by 
the Right Rev. Bishop Wilson, Author of << Sacra Private," ^bc. One 
elegant volume, 16mo. ^^1 00. 

** The Practical Christian now submitted to the reader, from the seventh English edition, 
is by lai the BMMt important of all Dr. Sherlock *s works. It was a work of gradual growth 
atnA progTOMive enlargement, and we have his biocrapher's testimony to the fact, that he 
made it the model of his own devotions — ' strictly ooservinjg himself what he so earnest 

leconuneDded to others.' The following devotions, living impressions, as it were, of the 

Uring mould— bring the tutor of Bishop Wilson again before us, and it may be devoutly hoped 
\}ui % as their author, when Uving, succeeded in forming one of the noblest characters in the 
Choich's Modern Calendar, ao now. though absent from us in body, this bis work, instinct o 
it ererrvFhere is with his own saintly spirit, may tend to produce many more such chaiacteis 
to the K^orj of God and the edification of his Holy Chnrch.— Editor's Prtfaee. 

" ConaiderRd as a manual of private devotion, and a means of practical preparation Ibr 
the Holy Communion of the Body and Blood of Christ, this book is among the beaC« if BOt 
the best, ever commended to the members of our Church. "—7^ ChMr ek m an , 

OF THE IMITATION OF OHRI8T: 

Four books by Thomas A Kempis. One elegantly printed volume, 16mo. 

** The aathor of this invaluable work was born about the year 1380, and has always been 
honoured by the Church for his eminent sanctity. Of the many pious works composed by 
ii« « Imitation of Christ' (being collections of his devotional thoughts 



_^__^ lilg * Imitation of Christ ' (being collections of his devotional thoughts and meditations 
oaimportasi practical subjects, together with a separate treatise on the Holy Coromunion) 
is the meet celebrated, and has ever been admired and valued by devout Christians of every 
It has passed through numerous editions and translations, the first of which into 



Igfig liffK i« said to have been made by the illustrious Lady Margaret, mother of King Henry 
Vu. Messrs. Apptetoo's very beautiful edition is a reprint from the last English, the trana- 
jiiH^ of which was chiefly copied from one printed at London in 1677. It deserves to be a 
companion of the good Bishop Wilson's Sacra Privata."— Boaaer rf the Cnst, 



I 
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Valuable Episcopal Works Published by D. Appleton 4* 09* 

OHUBOHBCAN'S TiTBB ABY.— Oontiiaied. 

LEARN TO LIVE. 

Diice Viyere — Learn to Live. Wherein is shown that the Life of Christ 

is and ought to be an express pattern for imitation unto the life of a 

Christian. By Christopher Sutton, D. D. One elegant volume, 16mo. 

Price $1 00 

**Tho above work wu writtnn hj iti aothor after hit 'Diaee Mori,' and befoie Ul 
' Godly Moditationi on the Lord's Sapper ;' and it maj be said to come between them abo 
in reipect to the depth and seriooaneae of tone in which it is written. The unasaaUr finr- 
rent lani^uaee of his last woik, the Meditations, was sun^sted by its particularly sacred rab* 
iect ; the * Disce Mori,' on the other hand, which was his first, treating on a subject which 
belongs to natural a^i well as revoaled religion, admitted of reflections derived from a Tuiety 
of toorces, besides those which are especially of a Christian or gospei character. la the 
w<Mrk which came next, the * Disce Vivere.' he moulded his materials, aftei the mamwr 
of a Kempis, into an * Imitatio Christi ;' each chapter inculcating some duty, apon ths 
pattern of Him who gave Himself to be the beginning and the end of all perfection.— XAMr** 

LEARN TO DIE. 

Disce Mcri — Learn to Die. A Religious Discourse, moving every Chns- 
tian man to enter into a serious Remembrance of his End. By Chris* 
topher Sutton, D. D., late Prebend of Westminster. 1 vol. 16ino., ele* 
gantly ornamented. $1 00 

" Of the three works of this excellent author lately reprinted in England, the * Dan 
Mori ' is, in our judgment, decidedly the best. It was the favourite book of the Bishop of 
Joly, who f the touching incident cannot be forgotten) died with it in his hands. It wu thii 
fact, we believe, which first recalled the book fioni the oblivion into which it had&Ueni 
and our readers may remember, that shortly aflei its republication in England we oiged aa 
American reprint, on the ground that it was a book which would prove universally aeesDtable 
t6 the Church, such is still our opinion j we do not believe Uiat a single journal oreleisj* 
man in the Church will be found to say a word in its disparagement ; but that, on thsem- 
trary, all will unite in commending it as one of the very best of our practical works, oqully 
devotional and almost eaually rich with the similar work of Taylor, and free from thoM 
features with which Taylor startles such weak minds as have a morbid dread of Romanism. 
Our columns have been, and now that the work is reprinted, will again be, enriched with 
extracts which will make the * Disce Mori ' favourably known to oar readers."— durchMS* 

MEDITATIONS ON THE SACRAMENT. 

Godly Meditations upon the most Holy Sacrament of the Lord's Sapper. 
By Christopher Sutton, D. D., late Prebend of Westminster. 1 vol. 
royal 16mo., elegantly ornamented. ^1 00. 

<* We announced m our last number the republication in this country of Sutton's * Medi- 
tations on the Lord's Supper,' and having since read the work, are prepared to recommend it 
warmly and without qualification to the perusal of our readers. It is purely practical; tha 
doctrine of the eucharist being touched upon only in so far as was necessary to guard afsiiut 
error. Its standard of piety is very hi^h, and the helps which it affords to a devout partid* 
pation of the holy sacrament of which it treats, should make it the inseparable companioD 
of every communicant. We know indeed of no work on the subject that can in all respeeti 
be compared with it ; and for its agency in promoting that advancement in holiness aftar 
which every Christian should strive, have no hesitation in classing it with the Treatise oo 
* Holy Living and Dying,' of Bishop Taylor, and the * Sacra Privata,' of Bishop VfUtoa. 
The period at which the book was written will account for and excuse what in the present 
age would be regarded as defects of style ; but these are fewer than might have been es- 
pected, and are soon lost sight of in the cuntompUtlon.pf- the many and great exeelleaeiei 
with which it abounds. 1'he publifihers have w^ good service to the country in the pabli- 
eation of this work, which is a beautifal reprint ojt the Oxford edition, and we are jbd to 
learn that it will be speedily followed by the * Disce Vivero ' and * Diace Mori ' of the MM 
author. — Banner ttfthe Crou 
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Valuable Episcopal Works Published by D. Appleton S^ Co. 

OHUBOHMAN'S LIBRARY.— Oontinned. 

THE RECTORY OF VALEHEAD: 

OR THE RECORDS OF ▲ HOLT HOME. 

BY THE REV. R. W. EVANS. 

From the Twelfth English edition. One elegantly printed volume, l€mo. 

75 cents. 

^ Univeraally and cordially do we recommend this delightful yolome. We believe no 
pereoo could read this work and not be the better for its pious and touching lessons. It is a 
page taken from the book of life, and eloquent with all the instruction of an excellent pat- 
tern ; it is a commentary on the affectionate warning, ' Remember thy Creator in the days 
of thy youth.* We have not for some time seen a work we could so deservedly praise, ot 
so conscientiously recommend." — £Aterary Oazette, 

**This work illustrates with great simplicity and beauty and variety, the privileges, bless- 
ings^ and influences of the Christian home. It is rich in elegant description, in one moral 
sentunent, and withal is happily imbued with the spirit of genuine Chiistianity. In wish- 
ing it an extensive circulation, we are sure that we are only wishing well to the cause of 
domestic piety and order and happiness. — Albany Advertiser. 

PORTRAIT OF A CHURCHMAN. 

BY THE REV. W. GRESLEY, A. M 

From the Seventh English edition. One elegant volume, 16mo. 75 cents. 

*' The present volume is an attempt to paint the feelings, habits of thought, and mode of 
action which naturally flow from a sincere attachment to the system of bebef and discipline 
adopted in our Church. 

" Church princ pies have been so much discussed of late, that I would have willingly 
passed over that part of the subject ; but daily experience proves that they are still very 
impeifectly understood, or little considered, by the mass of those who call themselves 
Churchmen. I have therefore devoted some chapters in the earlier part of the work to a 
brief, though not careless or hasty, discussion of the principles of the Church of Christ. 
But the main pait of the volume is occupied upon the illustration of thepraetieal working ef 
those principles when sineerdy received^ setting forth their value in the commerce of daily life, 
and how surely they conduct those who embrace them in the safe and quiet path of holy 
life.»»— w««tAor»« Prtfaee, 

LYRA APOSTOLICA. 

From the FiAh English edition One elegantly printed volume 75 eents. 

** Here is a volume of poetry on grave subjects ; where the taste, the sensibilities, and 
the judgment, all are interested. Some of its topics are pnrely imaginative, but the laifo 
majority are on matteis to which every thouehtful mind often recurs ; and by the consider- 
ation of which the heart and conscience are benefited. In this elegant volume, there are 
forty-five sections, and one hundred and seventy-nine Lyric poems, all short, and many of 
them sweet.''— JV*. Y. Ameriemf 

** This is a collection of Lyrical Odes, which originally were published in the British Ifa- 
gasine ; and were subsequently combined in a handsome volume. They are all upon grave 
topics, and arranged under forty-five different heads ; and their poetical merits are commen- 
surate with the serious dignity of the subjects. It cannot be expected that one hundred and se- 
venty-nine different poems, written by an association of authors, can be equal and uniform in 
poetic ability — nevertheless, they all exhibit a high degree of merit. Some of the Odes aie of a 
very superior order^ and contain such pithy instruction that the woik is just fit for the pock- 
et of every lovei of^ Christian Sons, on account of the bievity of almost all the articles. 
Johnson once stated that there could not fMssibly be anv good poetry on sacred subjects. If 
the volumes of Milton, and Young, and Cowper, and Montgomery, had n^t shown the error 
of his decision, the Lyra Apostolica would prove that his opinion was contrary to fact. The 
beauty of the work accords with its melodious chants."— JV. Y. Cnrier and Enqturor* 
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Valmabk Episcopal Works Published by D, AppUton Sf Co. 

OHDBOBMAH'S LIBBART.-0<mtiinied. 

BISHOP JEREMY TAYLOR ON EPISCOPACY. 

The Sacred Order and Offices of Episcopacy asserted and maintaiDed ; 
to which is added, Clerus Domini : a Discourse on the Office Ministeri- 
al ; by the Right Rev. Bishop Jeremy Taylor, D. D. One elegant vol- 
lune, 16mo. Price $1 00. 

P^ The reprint m a portable fonn of this Emiaent Divine's masterly Defence of Episeo- 
paey eannot fail of being wele<Mned by every Chorchman. 

'With the imagination of a Poet, and the fervor of an Apostle, Jeremy Taylor cannot be 
rapoUished in any shape that he will not have readers. More especially, just now will this 
treatise of his be read, when, by feebler hands and hx less well furnished minds, attempts 
•ra making to depreciate that sacred order and those sacred offices which are here with tri- 
amphant eloquence maintained. 

** The pnblisliers have presented this jewel in a fitting casket."'— JV. T. Amarumi, FA. 
17} ]o44> 

** Jeremy Taylor was not simply an ornament to the English Cfanrch, bat in his Christian 
walk and conversation an example to Christians of all denominations. His btyle has in it all 
the elements of eloquence, earnestness of purpose, comprehensiveness of tfaouf bt, and de- 
▼otional fervor. The work under notice is particularly adapted to the study of such Bpis- 
e<qMlians as would onderstand the grounds of their reeognized orders. — U. 8. Sataardag 
Pml 

** On the merit of Bishop Tajlor it would be absurd and useless to expatiate. His piety 
has been the subject and admiration, and his eloquence the theme of praise, to our best writ- 
en. »— AitisA Oride. 

THE GOLDEN GROVE: 

A choice Manual, containing what is to be believed, practised, and de- 
aired, or prayed for; the prayers being fitted for the several days of the 
week . To which is added, a Guide for the Penitent, or a Model drawn 
np for the help of devout souls wounded with sin. Also, Festival 
Hymns, &c. By the Right Rev. Bishop Jeremy Taylor. One vol. 
16mo. SO 50. 



** The name of Jeremy Taylor will always be a sufficient paaiport to any work on whose 
title page it appears. Oi no writer of his period, or indeed of any other period, could it be 
more truly said, that he has given ' thoughts that breathe in words that burn.' The present 
little work may perhaps be regarded as among the choicest of his productions. While it is 
designed to be a gvide to devotion, it breathes much of the gpvrit of devotion, and abounds 
in lessons of deep practical wisdom. Its author was an Episcopalian, and Episcopalians may 
well be proad of him ; but his character and writings can no more be the property of one de- 
nomination than the air or the light, or any other of God's universal blessings, to the world." 
jahtM^ Jtdiotrtiter. 

6ACRA PRIVATA. 

The Private Meditations, Devotions, and Prayers of the Right Rev. T. 
Wilson, D. D., Lord Bishop of Soder and Man. First complete edi- 
tion. One vol. royall6mo., elegantly ornamented. ^1 00. 

^<The Messis. Appleton have brought out, in elegant style, Wilson's < Sacra Privata ' 
osfii n_ The reprint is an honour to the American press. The work itself is. perhaps, on tlm 
whole, the best devotional treatise in the language, and it now appears in a dress worthy of 
its character. It has never before in this country been printed entire. We shall say more 
another time, but for the present will only urge upon every reader, from motives of duty and 
interest, foi private benefit and public good, to buy the book. Buy good books, shun the doabt- 
Ail, and burn the bad."~7^ GlKreAsum. 

A neat Miniature Edition, abridged for popular use, is also published. 
Price 31 1-4 cents. 

12 



Valuable Episcopal Works Published hy D. Apphton Sf Co. 

OHU KORMAN'S LIBRARY— Oontizraod. 

THE EARLY ENGLISH CHURCH; 

Qr, Christian History of England in early British, Saxon, and Norman 
Times. By the Rev. Edward Churton, M. A. • With a Preface, by 
the Right Rev. Bishop Ives. One vol. l6mo. elegantly ornamented. 
$1 00. 

^ The following delightfhl pages place before lu some of flin choicest examples— 4x>tb 
eteiteal and lay-^f the true Christian spirit in the EARLY ENGLISH CHURCH. In 
ttatb, these pages are crowded with weighty lessons. Heie oar laity will find that these ncH 
fale foondations of eharity in the mother country — the existence of which flieyhave been 
aeeuBtomed to ascribe to the credulity of ignorance, oi the fears of superstitioui successfully 

GBXStised upon by the arts of priests, had a higher and h<dier origin— that they sprung inta 
ing under the warm impulses of that divine and expansive benevolence of which the con- 
straining power of Christ's love made his early followers such larse partakers at the period 
lirhile yet Christian men fully recognized their high vocations, as^ stewards of the manifold 
ffifts of God,'— lived under the abiding conviction, that we are not our own, but that. 
* booght with the precious blood of Christ,' we are * bound to glorify him in our bodies ana 
oar 'Spirits which are his.' Here, too, our clercy may learn a lesson of true self devotion to 
their Master—'may see, stiilcingiy and beautifully illustrated^ that love for Christ, and thai 
seeal for his Icingdom, which alone can bear us tranquilly and successfully through the la- 
boors and trials of the holy ministry — may see the operation of the true missionary spirit— 
the spirit of endurance and self-sacrifice, which shrinlcs from no obstacles when the salvsr* 
tionw sinners is to be achieved under the command and the promise of the Almighty Grod'— 
may see, in short, an impressive and instructive exemplification of that child-like submission 
to God, that pure and simple trust in him, which, at his bidding, performs duty, and leaves 
the result to nis providence and grace. 

" But, to read these pages wiui profit, we must pray to God for a portion of that spirit 
whidi indited them, and which so manmstly control the events which they record— must 
read them with a spiritual eye ; with an eye intent upon discovering, not that which may 
help to sustain some preconceived notion, bat that which, prompted by the spirit of Christ, 
and accomplished through the power of his saving truth, exhibits to us some great principle 
of Christian action, and some powerful motive to go and do like wise."— Ftdff Prrface, 

TALE8 OF THE VILLAGE; 

In which the Principles of the Romanist, Churchman, Dissenter, and In- 
^del are contrasted. By the Rev. Francis £. Paget, M. A. In three 
elegant vols. 18mo. $1 75. 
** These three handsome little volumes constitute series of Tales, purporting to be the 

record kept by a country clen;yman, of scenes passing under his own view, in the discharge 

of his parochial duties. They have had great success la England, as, we doubt not, this flnt 

American edition of them will have here. 



" They are well contrived ■■ s tales to interest the reader, and skilfully used as vehicles 
sound doctrines of the Church, which, while * protesting against Rome, 



fbr settior forth the . „ „ , 

remains Catholic, and while protesting against Geneva, is' Seformed ; whose huid is against 
all error, and all error against it.' 

** The first series or volume, presents a popular view of the contrast in opinions and 
modes of thought between Churchmen and Romanists ; the second sets forth Church prinoi- 
ples, as opposed to what, in England, is termed Dissent ; and the third places in contrast the 
ehmraoterof the Churchman and the Infidel. 

" At any time these volumes would be valuable, especially to the yoans. At pwwit, 
when men's minds are much turned to such subjects, they cannot fail of being vt^poAf 
soDffht for." — JVew-Forft AmerieoM, 

** The first, second, and t)iird series, in as many small volumes, of these popular tales, art 
now offered to the American public. At present, we have only room to commend them, mad 
we do it most heartily, to all who desire edification combined with amosement.'^— 7!lk« 

THE CHRI8TMA8 BELLS; 
A Tale of Holy Tide, and other Poems. By the Rev. J. W. Bhowv, ««- 

thor of " Constance,'* ^ Virginia," Ac, One vol. royal l6mo., elegantly 

ornamented. $0 75. 

" Many of the smaller pieces in thu volume have appeared from tune to time in Tarioas 
joomals and magazines, and have been received vrith unqualified favour. The lea-ing poem 
was written for Uie most pait during the season whose enjoyments and happy infi- enoes ft 
is designed to commemorate. The plan of it was suggested by the perusal of Washington 
Inring's delightful Essays on the Christmas season, in the Sketch Book."— Fro/Swe. 
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A MANUAL FOR COMMUNICANTS; 

Or, the Order <br Administering the Holy Communion ; conveniently 
arranged with Meditations and Prayers from Old English Divinea, 
being the Eucharistica of Samuel Wilberforce, M. A., Archdeacon of 
Sorry, (adapted to the Amrjrican service.) Convenient size for the 
pocket. 37j| cents ; gilt leaves, 50 cents. 

**The order of this work Is as follows :—Fint, " The Exhortation ;*' eompriaing the two 
ezhoitations which are inserted in the Communion Office ; then the '* Ante-CoouDimioii f* 
next, *' The Canon of the Holy Conimnnion," beginning with the Offertory and ending with 
the Form of administering the elements ; and lastly, the Post-Communion. This part of the 
work is the Communion Office as contained in the Prayer Book, slightly altered in its 
arrangement, and accompanied with a few short devotional meditations in the margin. After 
this is the Intiodnction by Archdeacon Wilberfoice, chiefly on the imponance of attendance 
at the Lord's Table, and the causes of the present neglect of the privilege. 

** We have next a brief notice of the writers from whose works are taken the extracts 
which form the body of the volume. These are Colet, Cranmer, Jewel^ Booker, Andrews, 
Sutton, Laud, Hall, Hammond, Taylor. Lei^hton, Brevint, Patrick, Addison, Ken, Sparrow, 
Beveridge, Hicks, Comber, Kettle well, Wilson, and Potter; whose names are arranged in 
direnological order, with a mention in few lines of their lives and characters. INie remainder 
of the work is divided into three parts ; of which the first consists of Meditations on the 
Holy Communion ; the second of Flayers before and after Communion ; to which are added. 
Bishop Wilson's Meditations on Select Passages, and Bishop Patrick's Prayer for one who 
cannot publicly c<Mnmunicate ; and the third of select passages explanatory of the Holy 
Sacrament and the benefits of Its woithy reception. 

** These meditations, prayers, and expositions, are given in the very words of the illas> 
trious divines above mentioned, martyrs, confessors, and doctors of the Church ; and they 
form altogether such a body of instructive matter as is nowhere else to be found in the same 
compass. Though collected from various authors, the whole is pervaded hy a unity of spirit 
and purpose ; and we roost earnestly commend the work as better fitted than any other 
whicn we know, to subserve the ends of sound edification and fervent and substantial devo- 
tion. The American reprint has been edited by a deacon of great promise in the Chnieh, 
and is appropiiately dedicated to the Bishop of this dioceae." — Ckmrdtiadou 

THE PRIMITIVE DOCTRINE OF ELECTION: 

Or, an Historical In/quiry into the Ideality and Cansation of Scriptural 
Election, as received and maintained in the primitive Church of Uhrist. 
By George Stanley Faber, B. D., author of *' Difficulties of Roman- 
ism," ^' Difficulties of Infidelity," &c. Complete in one volume, 
octavo. $1 75. 

** Mr. Faber verifies his opinion by demonstration. We canaot pay a higher respect to 
his work than by recommending it to alL" — Oturdk qfEitgiand Q^arterly Remtw, 

LETTERS TO MY GODCHILD. 

BY THE REV. L SWART, A. IC. 
One elegant miniature volume. Price 37 1-2 centa. 

*' The design of this little work — dedicated by permission to Bishop Onderdonk, and 
eommended by Bishop Delancey, to whom while inpieparationihe MS. was submitted— is to 
enable those whom distance or other circumstances prevent from adequately dischaiaiiw 
their sponsorial duties, to place in the hands of their godchildron a treatise which sSaS 
eln<»date the relations between the sponsor and his godchild, and supply, «s far as may be, 
^e want of immediate and constant personal supervision. 

** The commendation of this Diocesan is an all-sufficient introduction of Mr. Swaxfs iibo> 
All little book."-JV: Y. Ameriean. 

OGILBY ON LAY BAPTI8M. 

An Outline on the Argument against the validity of Lay-Baptism. By 
the Rev . John D. Ogilby, D. D., Professor of Ecclesiastical History. 
One volume, 12mo. ^0 75. 

** We have been favoured with a copy of the above work. From a curs(»ry inspection of 
it, we take it to be a thorough, fearless, and able discussion of the subject which it wroposes 
— aiming loss to excite inquiry, than to satisfy by learned and ingenious argument mqniiiec 
already excited.'*— Ctardtoum. 
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MAGEE ON ATONEMENT AND SACRIFIOE. 

Discourses and Dissertations on the Scriptural Doctrines of Atonement 
and Sacrifice, and on the Principal Arguments advanced, and the 
Mode of Reasoning employed, by the Opponents of those Doctrines, as 
held by the Established Church. By the late most Rev. William 
M'Gee, D. D., Archbishop of Dublin. Two vols, royal 8vo. beauti 
fblly printed. $5 00. 

** This is one of the ablest critical and polemical works of modem times. Archbishop 
Hagee is truly a maleus heredcolum. He is an excellent scholar, an acute reasoner, and is 
possessed of a most extensive acquaintance with the vride field of argument to which his 
volumes are devored — the profonna Biblical information on a variety of topics which the 
Archbishop brin^ forward* mustendcai his name to all lovers of Christianity." — Orme. 



Cracto on fKi^xintiwx Mnttxim anlr ^tactfee* 

Under this general head it is proposed to publish a series of Catechetical 
Works, illustrating the Doctrine, Di.^^cipline, and Practice of the Protest- 
ant Episcopal Church in ^he United States. The following commence the 
Series : 

A HELP TO OATEOHI8ING; 

FOR THS USE OF 

CLERGYMEN, SCHOOLS, AND PRIVATE FAMILIES, 

BY JAMES BEAVEN, D. D. 

Professor of Theology at King*s College, Toronto. 

Revised and adapted to tiie use of the Protestant Episcopal Ohnrch is the 

tTnited States. 

BY HENRY ANTHON, D. D. 

Rector of St. Mark's Chareh, New- York. 

Price — single copies, 6 1-4 .cents-»-50 copies, $2 So — 100 copies, $4 00. 

Namerous testimonies have been received of the usefulness of this Catechism, and the 
Tery moderate price aflSxed leads the publishers to hope for it a very extensive circulation. 
Ita sale has already exceeded 12,000 copies. 

CATECHISMS CN THE HOMILIES OF THE CHURCH. 

I. On the Miseries of Mankind. II. Of the Nativity of Christ. III. 
Of the Passion of Christ. IV. Of the Resurrection of Christ. 

BY HENRY ANTHON, D. D. 
Price — single copies, 6 1-4 cents — 50 copies, $2 50 — 100 copies, fjA 00. 

The object of theso Catechisms is to present the Homilies in a shape in ivhich they ess 
be learned, marked, and digested, by the youthful members of the Church. 

THE BOOK OF COMMON PRAYER; 

AITD 

Administration of the Sacraments and other Rites and Ceremonies of the 
Church, according to the use of the Protestant Episcopal Church in 
the United States of America, together with the Psalter or Psalms of 
David — illustrated with six steel engravings, rubricated, in various 
bindings, as follows : 

Morocco, extra gilt leaves, fS S5. With clasp, do., $3 00. Imitation of Moroee% gilt 
toavef , $1 75. Plain do. $1 S5. Without rubrics, in ted Morocco, extra, $3 00 Imita- 
tion do., f 1 50. Sheep, plain, $1 00. 

It may also be had in rich silk vehet binding, mounted with gold, gilt bordeii,elasp» Ifce. 
price |6 00. 
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D. APPLETON & COMPANY, NEW YORK, 

Ktep fi^nstantfy for sale^ on the most favourable terms, a choice stock of 

ENGLISH THEOLOGICAL WORKS: 

IncludiAg modern editioM of the Sterling Old English Divines of the 
Sixteenth^ SeT#nte€fifh, and Eighteenth Centuries. Among their le* 
cent importations will be found new and beautiful editions, of 

BISHOP ANDREWS' SERMONS. 5 toIs. 8vo. $14 Oa 
ARCHBISHOP BBAMHALL'S WORKS. New edition now patduUsfr 
BISHOP BERKELEY'S WORKS. 1 rol. 8to. $2 50. 



Do. do. 2iwls. Bdited bf Wricfat $4^. 

SJi^OP BEVERIDaE'S WORKS. New edition now pobUsbiag. 
BISHOP OPSIN'S Oon^ete Worits. New edition noW pablisidBg. 



DR. TttOMAS FULLdR'S Works. 8 voU. 8to. $81 00. 

REV. JOSEPH BINaHAM'S Complete Works, with all the QnotatioBs. 9 nds. 

8v». $33 00. 
BISHOP BULL'S Works. 8 toIs. Sro. $22 00. Do. translated. 4 vols. 8vo. 
DR. ISAAC BARROW'S Complete* Works. 8 vols. 8vo. 24 00. 

Do. do. do. Cheap edition! 3 Tok. 8to. $6 60. i 

pSL E DWARD BURTON'S Oomplefe Works. .6 vols. 8fo» $16 00. I 

BISHOP BUT LER'S Complete works. 1 voL 8«(p. $8, S0, I>o. 12mo» $1 00. 
BICHARD BAXTER'S Floptical Works, with IntroOoetorf Bssay. 4 ▼oJs..lflipk ! 

8fo. $20 00. 

JEREMY COLLIER'S Ecclesiastical Historj ef Eng|aftd, wWi copieis notes. 9 

Tola. 8to. $25 00. 
DR. WM. CAVE'S W«ks, edited by Carey. ^ toIs. 8fo. $U OQ. ] 

DE AN CO MBER'S Complete Works. 7 rols. 8vo. $14 00. 
W. OHILLINGWORTH^S, MA., Complete Woxtt. 1 voL 8ro. $3 00. 
ARCHBISHOP CRANMER'S Comnlete WorkA 4 vols. Svo. $U 00. 
DR. JOHN DONNE'S Complete Works. 6 vols. 870. . $21 00. . 
DEAN Q-RAVES'6 Complete Works, edi^ by Jiii Son. 4 vols. 8vo. $lft OQL 
BBBHOP HALL'S Ooniplete Works. 12'Toki. 8vp. $38 oa * 
BESp OP HORS ELETTS Complef e .Works. 8 rota. 8^0. $24. « 
filSBOP HPBD'S Complete Works. 8 ypls. 8vo. $14 00. 
BISHOP nDRNE'S Oomplefe^ Wortis: 4 toIs. Bwct. $14 00. 
BISHOP HOPKINS'S' Gomfdote Worte. 1 vol. imp. ivo.* $4 10^ 
BIOHAK) BOOKER'S «tmplete Works. 2 vols: 8vo. $4 60. 

Do. do. . do 'edited by KMhle. 3.T(fti. Biro. $10 00. ^ 

DR. MATTHEW 'HALB'S Practical Disoonjnses on the ^tnrgy. 4 vols. 8vo. $12 00 ' 
BE7. W. JONES'S (of Nayland) Compete- Works. € V^Is.8fro. $14 00. 
RXV. CHARLES LESLIE'S Opmplete Works. 7 vols. 8vo. $n 00. 
AROH^HOP tiEI&HTON'S Complete Works. 1 vol.Eiro.^ 60. 

Do. do. with Life by Pearson. 2 vols. 8vo. MS 60 

DR. N ATH ANIEL LABDNER'8 Oomi^ete Works. 10 toIs. 8vo. $28 00. 
•BISHOP LOWTH'S Works. 3 vols. 8vo. $6 00. 
BISHOP MANT'S History of the Chorch of Inland. 2,V«ls. $12 00. 
W. PAliMER'S, M A. Orijines LitonicaB. 2 vols. 87o. $4 5Ql { 

BISHOP STILLINGFLEBTN8 GMcines Sacra. 2 vols. 8vo. $5 00. 
BISHOP JBREMY TAYLOR'S Works. 3 vols. $18 OU 
BISHOP REYNOLDS'S Oomplet# WorkSk 6 vols. 8iro. $16 00. 
DR. JOHNSOOTT'S Complete Worker 6v«Js.»r(k $16 OOi 
ARCHBISHOP SHARPE'S<kttnplete Works. 6 vcAs. Ovo. $14 Oa 
BISHOP lAUNDERSON'S Sennons, Complete. 2 toIs. Bvo. $6 00. 
BI SHOP SHEBLCX^K'S Com|d.ete Works. 5 vols. 8vo. $7 Oa 

ABCHBIS^OP TILLOTBOM^ Complete Work* 10 vea. 8^o. $18 4XK I 

ABCHBISHOP USHER'S Works— tnmslated. 6 vols. 8ro. 
BISHOP VAN MILDERT'S Complete Works. ^«ols.^o. $18 Oa 
BISHdP WARBURTON'S Oompiete Works. 13 vols. 0vo. $28 OO: 
WALI/S History of Infant Baptism. 4 vols. 8vo. $12 OQ. • 
PATRICK, LOVnS, WTOBY, ARNALD and LOWMAN'S Critical Cetaomeotaiy 

and Paraphrase on the Old' and New Testament ana the Apocrypha, with Ihs 

Text at large. A new edition. 4 vols. imp. 8vq. $22 00. 
HOLY BIBl£, with Doyle and Mant's Commentary. A beaatlfiil edition. Svidls. 1 

iflux 8vo. $14 00. 
FOOL'S Annotations on the Bible. I7ew edition, 3 veil. imp. 8vo. $18 oa 'i 

DiL WA^ICLANB'S Comtdete Works. New edition. 6irols.8^o. $80 00. 
DR. SOUTH'S Sermons. New ed. 4 vols. 8vo. $10 00. Oxford ed. 6 vols. 8vo. $lifr-^ 

Also, the heautilhl Farii editions of 

ST. AUG -USXINI, Opera Pmnia. Completo in 22 vOls. imp. 8vq. $60 00. ' 
ST. OHBYSGBTOM Opera Omnia, Or. et Lat. In 26 vols. iauK.Svo. $76 OQ. 

16 ' -r«- -p , 
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